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and  to  Mr.  Thomas  H.  Kenworthy,  the  assistant  principal, 
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this  work,  sincere  thanks  are  offered. 
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Historical  Approach 

In  1902  Rice  (1)  gave  test  questions  in  arithmetic  to 
six  thousand  children  in  grades  four  A through  eight  B in 
seventeen  schools  represented  in  seven  cities.  The  data 
supplied  by  his  tests  made  it  clear  that  in  schools  where 
much  time  was  being  devoted  to  the  study  of  arithmetic  the 
results  v/ere  no  more  satisfactory  than  in  schools  v/here  much 
less  time  was  being  given.  Rice  also  indicated  that  the 
achievements  of  many  pupils  v/ere  unsatisfactory.  In  the 
eiehth  grade  the  averages  ranged  from  11.3;5^  to  91.7,^.  He 
concluded  that  the  condition  determining  success  is  adequate 
supervision  based  on  objective  examination  of  results.  This 
v/as  one  of  the  early  attempts  to  obtain  objective  data  in 
the  field  of  arithmetic. 

Stimulated  by  Rice's  work.  Stone  (2)  in  1908  carried 
on  a study  of  sixth-grade  children  by  means  of  a series  of 
tests  in  the  fundamentals  and  in  the  reasoning  processes. 

The  purpose  of  these  tests  was  to  compare  the  achievements 
of  the  different  school  systems.  The  results  as  in  the 
study  of  Rice  showed  considerable  variations  in  the  achieve- 
ments of  pupils. 

(1)  Rice,  J.  M.  "Educational  Research:  A Test  in  Arith- 

metic." Porum,  XXXIV  ( October-December , 1902)  pp . 

281-297. 

(2)  Stone,  C.  W.  "Arithmetical  Abilities  and  Some  Factors 

Determining  Them."  Columbia  University  Contribu- 
tions to  Education,  Teachers  College  Series,  No.  19. 

New  York:  Columbia  University,  1908  . pp  . 102  . 
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In  1909  Courtis  (1)  published  the  first  of  a series  of 
articles  which  marked  the  beginning  of  the  movement  toward 
standardizing  testing  In  arithmetic.  During  the  subsequent 
years  he  developed  the  series  of  tests  which  besr  his  name. 

Prom  results  from  widely  scattered  school  systems,  he  attempted 
to  establish  standards  through  the  averaging  of  the  scores  ob- 
tained from  these  tests.  In  1912  Courtis  (2)  had  the  first 
opportunity  of  administering  arithmetic  tests  on  a large  scale. 
The  report  of  this  school  Inquiry  of  the  city  of  Nev/  York 
served  three  purposes.  It  gave  the  city  a definite  objec- 
tive finding  of  the  effectiveness  of  their  teaching  of  arith- 
metic. The  abilities  of  the  pupils  were  compared  with  the 
abilities  of  mature  people.  The  body  of  material  furnished 
Courtis  v,rlth  a means  of  determining  the  validity  of  the  tests 
themselves.  Among  the  chief  conclusions  which  he  drew  from 
the  scores  of  nearly  28,000  pupils  were  that  there  was  a wide 
variation  In  the  scores  of  pupils  In  the  same  grade  and  the 
scores  of  pupils  In  the  lower  grades  very  often  equal  the 
scores  of  pupils  In  much  higher  grades. 

Aboiit  this  time  an  attempt  was  made  to  adjust  the  con- 
tent of  the  course  of  study  In  arithmetic  to  business  usage. 

The  purpose  In  this  movement  was  to  omit  the  useless  mate- 


(1)  Courtis,  S.  A.  "Measurement  of  Growth  and  Efficiency 
In  Arithmetic."  Elementary  School  Teacher,  X (Octo- 
ber and  December ,1909)  pp . 58-74,  177-199 . 


(2)  Courtis,  S.  A.  "The  Courtis  Tests  In  Arithmetic."  Re- 
port on  Educational  Aspects  of  the  Public  School  Systenl 


of  the  City  of  New  York  to  the  Committee  on  School  In- 


Xy  P^t  II,  Subdivision  I,  Section  D. 
of  New  York,  1913.  pp . 391-546. 
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rip.!l  tb  wV)-?  r^b  cb'^ldren  bad  been  ovenbvndered  end  thereby 
to  permit  more  complete  mastery  of  the  essentials.  Among 
the  pioneers  in  this  field,  of  inquiry  v/ere  the  schools  of 
Connersville,  Indiana  (1).  After  two  years  of  study  by  Wil- 
son end  his  teachers,  a course  of  stiidv  was  ieened  which  ' 

tried  to  bring  the  children  into  contact  with  business  and 
life.  Ao*ain  in  1918  Wilson  (2)  undertook  to  investigate  the  j 

arithmetic  used  in  social  and  business  situations.  He  found  j 

i 

that  much  of  the  traditional  material  could  be  omitted  on 
the  basis  of  adult  social  and  business  usas^e.  Studies  of  \ 

arithmetic  content  have  continued.  Those  by  Wise  (3),  Woody 
(4),  and  Charters  (5)  are  large  and  significant.  At  present 


(1)  Wilson,  Guy  M.  Connersville  Course  of  Study  in  Elemen- 

tary Mathematics,  1911.  Baltimore:  Warwick  and 

York,  Inc.,  1922. 

(2)  Wilson,  Guv  M.  A Survey  of  the  Social  and  Business 

Usace  of  Arithmetic.  Teachers  Colleffe  Contributions 
to  Education,  Ho.  100.  New  York:  Teachers  College, 

Columibia  University,  1919.  pp . VI  + 64. 

(3)  Vvise,  Carl  T.  "Survey  of  Arithmetical  Problems  Arising 

in  Various  Occupations."  Elementary  School  Journal, 
XX  (October,  1919).  pp . 118-136. 

(4)  Woody,  Clifford.  "Types  of  Arithmetic  Needed  in  Certain 

Types  of  Salesmanship."  Elementary  School  Journal, 
XXII  (March,  1922)  pp . 505-520. 


Charters,  V/.  W.  Curriciilum  Construction. 
Macmillan  Corapan7/-,  1923.  pp . 212-243. 
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many  courses  of  study  have  been  simplified  and  should  permit 
perfect  mastery  of  the  fundamentals. 

Not  only  have  investigations  been  promoted  to  improve 
the  arithmetic  content,  but  also  to  improve  the  method  of 
teaching  arithmetic.  Prom  1913  to  1916  Courtis  developed 
national  standards  in  the  fundamentals.  Percentages  and 
average  scores  were  published  for  grades  four  to  eight.  In 
the  fourth  grade  the  averages  were  addition,  60^;  subtrac- 
tion, 76^;  multiplication,  68%;  division,  59,^.  In  the  eighth 
grade  the  averages  were  addition,  74%;  subtraction,  85%; 
multiplication,  81%;  division,  93^. 

A little  later  the  initial  steps  were  taken  towards 
diagnostic  and.  remedial  vv'ork  in  arithmetic.  In  1917  Uhl  (1) 
contributed  to  the  technique  of  diagnosis  in  arithmetic.  In 
1923  Brueckner  (2)  reported  a plan  for  diagnosing  arithmetic 
difficulties.  On  the  basis  of  these  and  later  studies  the 
faulty  methods  of  work  on  the  part  of  pupils  were  revealed. 
Edwards  (3)  disclosed  the  lack  of  mastery  of  the  fundamentals 
on  the  part  of  elementary  school  graduates.  1 test  in  Ra- 

(1)  Busv/ell,  Guy  T.  and  Judd,  C.  H.  Summary  of  Educational 

Investigations  Relating  to  Arithmetic.  Chicago: 
University  of  Chicago  Press,  1925.  pp . 117-118 

(2)  Ibid,  pp.  123-127. 

(3)  Edwards,  W.  H.  "Bridging  the  Gap  between  Theory  and 

Practice  in  Ninth-Grade  Mathematics."  School  Science 
and  Mathematics,  XXVIII  (November,  1928)  pp . 846-866. 
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cine,  Y/isconsin  showed  about  the  same  results  (1)  . In  an 
analysis  of  the  pupils  of  her  ninth  grade  algebra  class  Vir- 
ginia Wattawa  (2)  concludes:  "The  results  of  this  study 

would  seem  to  justify  the  statement  that  many  of  the  diffi- 
culties ordinarily  attributed  to  algebra  are  in  reality  of 
a more  deep-rooted  nature.  It  would  apparently  seem  as  if 
certain  fundamental  processes,  particularly  those  of  arith- 
metic, have  not  become  automatic  enough  for  the  poorer  stu- 
dents to  devote  their  entire  attention  to  whatever  is  new  to 
them  in  algebra,"  In  a study  in  1934  Paul  B.  Sangren  found 
that  a significant  cause  of  errors  was  insufficient  knowl- 
edge of  the  number  facts.  Among  the  outstanding  theses  on 
corrective  work,  we  find  that  of  Joseph  Randall  (3)  v/ho 
states-- "It  is  possible,  with  pupils  of  higher  than  average 
intelligence,  at  the  junior  high  school  level,  to  correct 
faults  in  factual  knowledge  and  process  skills  of  addition 
of  whole  numbers  and  decimals,  with  a reasonable  expenditure 
of  time  in  properly  motivated  individual  remedial  work." 

The  concept  extended  by  Doctor  Guy  M.  Wilson  of  Boston 
University  is  that  any  child  of  normal  intelligence  can  at- 
tain one  hundred  percent  mastery  of  the  fundamentals  if 

(1)  Potter,  Mary.  "An  Attempt  to  Improve  Computation." 

Mathematics  Teacher,  XX  (Novem.ber,  1927)  pp . 381-385. 

(2)  Wattawa,  Virginia,  "A  Study  of  Errors  Made  in  a Ninth 

Year  Algebra  Class,"  The  Mathematics  Teacher,  XX 

{April,  1927)  pp.  212. 

1 

(3)  Randall,  J.  H.  Corrective  Arithmetic  in  Junior  High 

School . Mas ter*s  Thesis,  Boston  University,  1956 . 
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properly  motivated  and  guided  by  correct  drill  technique. 

On  this  theory  the  Wilson  Drill  Books  on  the  fundamental 
processes  v/ere  published  in  1935,  The  principle  appears  to 
be  correct.  If  generally  accepted  and  rightly  followed,  it 
should  be  Instruriiental  in  bettering  our  standards  in  teach- 


ing arithmetic. 


i 


I.  Problem, 


To  determine  the  corrective  load  in  the  fundamental 
processes  of  arithmetic  in  a junior  high  school. 

1.  Introduction 
Purpose  of  the  study. 

ThougJi  all  pupils  of  normal  intelligence  should  have 
m.astered  the  fundamental  processes  of  arithmetic  by  the  time 
they  are  in  the  junior  high  school,  there  is  constant  evidence 
of  confusion  snd  disability  in  this  part  of  the  mathematics 
work.  The  purpose  of  this  study  is  to  determ' ne  the  percen- 
tages of  students  of  a junior  high  school  who  need  remedial 
instruction  in  any  or  all  of  the  fundamental  processes,  namely 
addition,  subtraction,  multiplication,  and  division.  By  show- 
ijng  the  great  need  for  corrective  work,  a movement  may  be 
aroused  to  make  remedial  instruction  an  inevitable  function  of 
the  junior  high  school  curriculum  until  such  time  as  good  teach 
ing  makes  it  no  longer  necessary.  By  allowing  for  corrective 
work  in  a junior  high  school  program  and  adjusting  the  courses 
of  study  to  pupils’  needs  and  usages,  we  should  be  able  to 
have  fewer  failures  in  mathematics.  The  aim  of  this  thesis  is 
to  reveal  the  corrective  load  in  arithmetic  which  is  due  pro- 
bably to  faulty  teaching  of  arithmetic  in  the  elementary 
school . 

2.  Why  Arithmetic  Teaching  Has  Not  Been  One  Hundred  Per 
Cent  Successful  in  Our  Schools . 


7 


i 
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a.  Drill  is  begun  too  early  in  the  school  career.  This 
does  not  mean  that  young  children  cannot  learn  arithmetic 
facts.  The  fact  has  been  established  that  they  can  (1). 

In  grades  I and  II  children  can  learn  the  processes  of  arith-f 
metic  effectively  to  a certain  level.  If,  however,  the  em- 
phasis is  placed  on  number  concept  during  this  two-year 
period  by  having  the  children  have  experiences  with  numbers, 
the  arithmetic  processes  v/ill  be  learned  more  effectively 
and  with  less  difficulty.  By  drilling  on  facts  which  have 
no  meaning  to  the  child,  confusion  is  the  inevitable  result. 
Formal  teaching  of  arithmetic  and  arithmetical  processes 
should  be  postponed  until  grade  III.  Before  that  time  in- 
struction should  be  given  in  relation  to  the  needs  of  the 
child  (2) . 

b.  Meaning  and  motivation  are  not  sufficiently  pro- 
moted before  drill  is  begun.  The  children  are  plunged  into 
drill  of  either  a formal  or  informal  natuj?e  before  their 
experiences  with  numbers  are  adequate.  Concepts  of  number 
are  the  product  of  experience.  Before  entering  school  the 
child  has  contact  with  numbers.  He  knows  his  age,  recog- 

(1)  . MacGregor,  Gregor.  Achievement  Tests  in  the  Prim.ary 

School . London:  University  of  London  Press,  1934. 

(2)  . Woody,  Clifford.  "^''Jhen  Shall  Systematic  Instruction 
in  Arithmetic  Begin?”  Educational  Method,  XVI  (Jan.,  1937) 
pp . 165-166  . 


nizes  a nenny,  nickel,  iqnd  dime,  and  has  used  terms,  such  as, 
much,  more,  bi^,  little,  and  many.  Early  arithmetic  should 
satisfy  merely  the  needs  of  the  child.  Countlncr.  .iiidp-lne- 
space  and  tl’-’e,  vrrjting  and  reading  numbers  are  activities 
in  which  the  child  meets  his  ov/n  problems.  As  the  child 
grows,  he  attempts  to  understand  what  he  sees  and  hears  by 
imitating.  He  tries  to  live  the  life  of  a storekeeper,  milk- 
man, or  paper  boy.  If  we  utilize  the  interests  of  the  child, 
we  have  an  enriched  opportunity  for  developing  the  power  to 
use  num.ber  ideas. 

The  average  classroom  drill  on  the  fundamentals  is  not 
sufficiently  motivated.  The  pupils  do  not  know  why  they  are 
trying  to  learn  drill  facts  and  processes.  The  average  child 
in  junior  high  school  has  no  concept  of  the  number  of  addi- 
tion facts  he  should  know  or  where  they  come  into  use.  The 
child  has  not  been  led  to  understand  the  need  for  perfect 
mastery  of  the  fundamentals. 

c.  Drill  is  not  limited  to  essential  drjll  material. 
Instead  a load  impossible  of  accomplishment  5s  undertaken. 
Though  a child  cannot  tell  how  many  dimes  there  are  in  a 
dollar,  we  drill  day  after  day  on  an  example  of  this  type 
3/4  ■;  1/3,  for  v/hich  the  average  adult  has  no  use.  The  drill 
in  the  upper  elementary  grades  has  been  and  still  is  being 
focalized  on  the  manipulation  of  useless  fractions  and  dec- 
imals which  the  adult  rarely  uses  except  in  specialized  oc- 
cupations. Most  of  an  adult's  use  of  arithmetic  is  mental. 


The  average  housewife  does  not  use  paper  and  pencil  v/hile 
purchasing  her  groceries  or  conimodities . If  she  figures 
at  all,  she  does  it  mentally.  Yet  it  has  been  the  custom 
to  expose  children  to  written  drill  on  example  after  ex- 
ample, day  after  day,  and  year  after  year.  The  child  of 
ten  years  of  age  must  do  routine  arithmetic  that  adults 
never  do.  By  so  overburdening  the  teaching  and  learning 
load,  time  has  not  been  allowed  nor  emphasis  placed  on  the 
basic  fundamentals. 

d.  The  average  teacher  does  not  know  how  to  teach 
arithmetic . 

(1)  Many  teachers  do  not  know  how  many  facts  to  teach 
in  addition,  subtraction,  multiplication,  and  division. 

(2)  The  typical  teacher  does  not  know  how  to  break 
the  minimum  facts  into  small  teaching  groups. 

(3)  She  does  not  knov/  how  to  follow  individual  chil- 
dren to  note  how  they  think  and  what  mistakes  they 
make.  Many  teachers  do  not  know  which  pupils  count 
or  say  the  tables. 

(4)  Teachers  do  not  follow  the  form  of  an  effective 
drill  technique  on  an  individualized  basis. 

e.  Many  teachers  do  not  realize  that  the  drill  work 
of  any  grade  extends  backwards  to  include  all  the  drill 
work  of  the  previous  grades.  The  general  attitude  of  tea- 
chers is  that  they  should  not  teach  what  the  child  should 
have  learned  previously.  As  an  example,  an  eighth  grade 
teacher  does  not  consider  it  her  duty  to  teach  long  divi- 
sion or  the  fundamental  processes  since  that,  in  her  con- 
cept, is  elementary  school  work.  To  be  effective,  drill 


must  be  founded  on  systematic  repetition.  It  is  in  that 
way  only  that  the  fundamental  facts  will  become  automatic 
responses.  They  must  be  drilled  on  until  the  teacher  is 
positive  that  each  child  knows  every  fact  no  matter  vhat 
school  grade  she  is  teaching. 

As  a matter  of  fact  the  teaching  of  carrying  in  multi- 
plication necessitates  not  only  the  teaching  of  the  one  hun- 
dred multiplication  facts  but  also  drill  upon  the  eighty 
addition  facts  needed  in  canrying  in  multiplication  and  a 
review  of  the  addition  process.  The  teaching  of  long  divi- 
sion must  begin  v/ith  the  checking  of  the  basic  processes 
of  subtraction  and  multiplication.  The  difficulty  in  a 
process  does  not  lie  within  that  process  itself  generally; 
more  often  it  is  caused  by  the  poor  teaching  of  some  in- 
volved process. 

f.  The  average  teacher  does  not  know  how  to  select 
tests  that  will  give  the  basis  for  a corrective  program. 

For  diagnosis  an  effective  test  must  contain  a sampling  of 
the  basic  facts  and  each  step  in  a process  to  determ-^'ne 
wherein  each  child  has  difficulty  and  needs  remedial  in- 
struction. The  average  test  given  by  a teacher  contains 
the  most  difficult  or  final  step  in  a process  and  every 
example  is  of  the  same  type. 

This  study  will  be  an  attempt  to  discover  the  per- 
centage of  children  who  have  reached  the  .iunior  high 
school  and  have  not  mastered  the  fundamental  processes 
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due  to  any  of  the  above  causes  or  any  not  mentioned.  Since 
a request  has  been  made  for  suggestions  for  corrective  v/ork 
a brief  postscript  is  added  as  a possible  solution  to  the 
administration  problem  for  this  work  though  it  is  strictly 
not  involved  in  the  problem  of  this  thesis. 

The  need  in  the  junior  high  school  is  for  a method  of 
adm:i  ni storing  corrective  work.  Any  mathematics  teacher  re- 
alizes the  need  for  remedial  * nstruction,  but  his  problem 
is  to  direct  the  work  so  that  one  hundred  percent  of  the 
children  will  have  mastered  the  fundamental  processes.  A 
few  suggestions  will  be  offered  at  the  end  of  this  thesis 
with  the  hope  that  they  may  be  of  some  help  to  the  individual 


teacher . 
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Nature  of  the  Study. 

To  solve  a problem  of  this  type  the  most  satisfactory 
method  for  obtainine“  data  is  by  survey  testing.  The  follow- 
ing tests  from  the  Wilson  Inventory  and  Diagnostic  Tests  in 
Arithmetic  (1)  were  used: 

1. )  Addition  Process,  hereafter  referred  to  as  the  AP 

Test . 

2. )  Subtraction  Process,  hereaf'ter  referred  to  as  the 

SP  Test. 

3. )  Multiplication  Process,  hereafter  referred  to  as 

the  MP  Test. 

4. )  Short  Division  Process,  hereafter  referred  to  as 

the  SDP  Test. 

5. )  Long  Division  Process,  hereafter  referred  to  as  the 

LDP  Test. 

A junior  high  school  in  the  city  of  Springfield,  Massa- 
chusetts was  selected  for  this  testing  progrpjn.  Much  care 
was  exercised  in  choosing  a school  with  a cosmopolitan  stu- 
dent body  and  one  which  would  offer  adequate  sampling  for 
the  purposes  of  the  research.  A total  of  twelve  hundred 
fifteen  (1215)  pupils  were  given  each  of  the  five  tests  used 
in  the  study.  The  tests  were  adjn* nistered  by  the  mathe- 
matics teachers  of  the  school  who  were  given  the  accompany- 
ing directions.  After  the  tests  were  given,  they  were  col- 
lected and  sent  to  me.  All  correcting  and  scoring  was  done 

(1)  Wilson,  Guy  M.  The  Wilson  Inventory  and  Diagnostic 
Tests  in  Arithmetic,  1936. 


by  me  to  obtain  consistency  in  evaluation.  From  the  result- 


ing scores  the  percentages  of  pupils  obtaining  each  score 


on  each  test  were  determined. 
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Instructions  for  Testing 

'' These  tests  are  given  to  determine  the  amount  of  cor- 
rective te?=r‘bing  necessary  in  the  fundamental  arithmetic 
processes  at  the  junior  high  school  level,  jisch  child  is 
to  be  given  five  different  tests.  Since  the  time  element 
is  quite  significant  in  diagnosing  faulty  habits  and  process 
difficulties,  a record  of  the  t;*me  required  to  do  each  test 
is  essential.  Pressure  of  speed  seems  to  promote  Inaccuracy 
therefore  try  to  avoid  any  emphasis  on  this  factor.  Make 
accuracy  and  checking  the  major  goals. 

PJ ease  have  each  pupil  print  the  mark  which  he  received 
in  arithmetic  on  his  last  report  card  in  the  upper  right 
corner  of  the  addition  test. 

Each  pupil  should  write  the  time  when  he  commences  and 
completes  a test.  The  teacher  should  keep  a record  of  the 
time  on  the  blackboard.  As  a pupil  finishes,  he  looks  at  the 
board  and  notes  the  time. 

Pupils  requiring  a long  time  to  do  a test  are  counting 
or  employing  other  faulty  habits.  For  the  purposes  of  this 
survey  it  will  not  be  necessary  for  ever^r  pupil  to  complete 
each  test.  Maximum  time  limits  for  the  various  tests  are 
as  follows: 


Addition  process 

Subtraction  process 
Multiplication  process 

Short  division  process 
Long  division  process 


12  minutes 

12  minutes 
15  minutes 

12  minutes 
25  minutes 
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At,  the  expiration  of  the  allotted  time  collect  p11 
papers.  Do  not  correct  the  papers.  .Assemble  them  and 
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send  tham  to  the  princinal's  ce . 


The  Mdition  Process  Test. 

For  administering  the  AP  Test  a maximiim  time  llm:i  t of 
twelve  minutes  was  allov/ed.  It  was  considered  a waste  of 
time  to  allow  a longer  period  than  that  since  all  pupils 
not  having  completed  the  test  bv  then  must  be  "counting"  in 
some  way.  On  Table  I will  be  found  an  analysis  of  the  AP 
Test  revealing  that  it  contains  ninety-one  of  the  one  hundred 
primary  facts  and  ninety-five  of  the  upper  decade  facts.  Of 
the  four  hundred  possible  addition  facts  this  test  contains 
one  hundred  ei,^ty-six.  Since  very  few  of  the  facts  appear 
more  than  once,  it  seems  justifiable  in  saying  that  the  test 
is  a good  one  for  diagnostic  purposes.  Not  onlv  is  there  a 
fine  distribution  of  facts  on  the  test  but  also  a s-^mpling 
of  each  process  step.  For  the  two  given  reasons  this  test 
seems  to  be  valid  for  judging  the  achievement  of  a class  or 
larger  group  in  the  addition  process. 

Though  many  teachers  attribute  a nunil > s poor  work  in 
mathematics  to  carelessness,  we  find  that  to  be  merely  a 
lack  of  diagnosis  of  the  child's  work.  There  must  be  a 
definite  reason  for  each  error  which  is  m.ade . Among  the 
most  frequent  mistakes  in  adding  is  incorrect  carrying.  Most 
children  know  the  one  hundred  primary  addition  facts  fairly 
well  by  the  time  they  are  in  the  junior  high  school.  If 
they  knew  the  three  hundred  upper  decade  facts  so  that  they 
were  automatic  responses,  no  children  would  have  the  trouble 
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TABLE  I 

Analysis  of  the  AP  Test 
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The  fioyire  in  the  horizontal  scale  should  be  added  to 
the  figure  in  the  vertical  scale.  The  numbers  Y/ithin  the 
margins  indicate  the  frequency  of  appearance  of  each  com- 
bination. 
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which  is  corarnon  in  addition.  The  upper  decade  facts  are  not 
commonly  thought  of  as  facts  by  the  child.  They  are  examples 
in  addition.  This  situation  csn  he  attributed  to  faulty 
teaching  in  the  elementary  grades.  There  is  a tendency  on 
the  part  of  teachers  to  drill  on  the  primary  facts  no  matter 
how  well  the  children  know  them  and  to  fail  to  teach  the 
upper  decade  facts  as  such. 

If  we  limit  drill  to  material  v/hich  should  be  in  the 
djcill  load,  there  is  no  reason  for  not  attaining  one  hundred 
percent  accuracy  in  addition.  Most  frequent  drill  should  be 
on  one,  two,  three,  and  four  place  numbers  of  two,  three, 
four,  and  five  addends.  More  drill  in  these  fundamentals 
should  be  given  in  the  upper  grades . 

Another  reason  why  v/e  have  failed  to  achieve  one  hundred 
per  cent  accuracy  in  addition  is  because  of  too  rapid  ad- 
vancement when  the  process  is  taught.  Before  the  child  has 
mastered  thoroughly  a group  of  facts,  the  teacher  advances 
him  to  column  addition.  Out  of  necessity,  in  his  dilemma, 
the  child  devises  the  habit  of  counting  to  s-et  his  answer. 
Once  established,  this  habit  is  not  likely  to  be  eradicated 
by  the  child  without  much  help  from  the  teacher. 

Table  II  is  to  be  read  as  follows:  twelve  and  forty- 

seven  hundredths  per  cent  of  the  pupils  in  Grade  VII  taking 
the  test  achieved  a score  of  one  hundred.  The  percentages 
v/ere  found  by  dividing  the  num.ber  of  pupils  receiving  a 
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TABLE  II 


Distribution  of  Scores  on  a Percentage  Basis  on  the 
the  AP  Test  for  Grade  VII  (450  pupils),  Grade  VIII  (400 
pupils),  and  Grade  IX  (365  pupils). 


Scores 

VII 

VIII 

IX 

100 

12.47 

12.50 

ro.oo 

96 

16.04 

18.50 

12.57 

92 

15.59 

19  .75 

19.14 

88 

16.29 

T6T75 

14.86 

84 

12.47 

9.00 

10.00 

80 

9 .35 

7 .50 

8.29 

76 

4.90 

6.50 

7 .43 

72 

4.01 

3.25 

5.43 

68 

5.12 

3.00 

4.86 

64 

2.00 

1 .75 

4.00 

60 

.89 

.25 

2.00 

56 

.75 

1.14 

52 

.89 

.25 

.29 

48 

.25 

.29 

44 

40 

36 

32 

28 

24 

20 

16 

12 

8 

4 

0 

Mean  of 

Scores  86.85  87.99  85.33 


Figure  underscored  indicates  the  group  in  which  the 
median  falls. 


score  bv  the  number  of  pupils  in  the  grade.  The  spread  of 
scores  on  the  addition  test  was  the  least  of  any  test  indi- 
cating that  the  greater  majority  of  pupils  have  mastered 
addition  better  than  the  other  processes.  In  considering 
the  mean  scores  the  eighth  grade  m.ade  the  best  record;  the 
seventh  grade,  the  next  best;  the  ninth  grade,  the  poorest. 
There  are  tv/o  explanations  for  this  placement.  In  the  ninth 
grade  the  children  pursue  either  business  practice  or  alge- 
bra. Prom,  the  scores  it  seems  possible  that  drill  on  the 
fundamental  processes  is  not  continued  in  this  grade.  The 
second  reason  is  that  any  example  in  which  the  dollar  sign 
or  decimal  point  were  omitted  were  recorded  as  Incorrect. 

No  doubt  many  educators  will  differ  as  to  whether  or  not 
an  example  should  be  marked  wrong  if  the  dollar  sign  is  not 
included.  Since  mathematics  is  an  exact  science,  it  seems 
reasonable  to  expect  absolute  accuracy  in  it.  In  the  ninth 
grade  there  was  a tendency  to  omit  dollar  signs.  This  may 
be  explained  by  the  business  practice  of  writing  the  dollar 

sign  just  at  the  head  of  the  column. 

not 

Even  though  the  ninth  grade  did /^attain  the  standards 
of  the  seventh  and  eighth  grades,  that  is  not  our  chief 
concern.  It  is  v«rhy  did  not  eighty- seven  and  fifty- eight 
hundredths  of  the  seventh  grade  shov/  one  hundred  per  cent 
mastery  of  the  addition  process?  ‘'’Thy  did  not  eighty-seven 
and  fifty  hundredths  per  cent  of  the  eighth  achieve  perfect 
scores?  ¥/hy  did  not  ninety  per  cent  of  the  ninth  grade 
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indicate  complete  knowledge  of  addition? 

Table  III  is  to  be  read  as  follows:  tv/enty-two  hnn- 

dj?edths  of  one  per  cent  of  the  seventh  grade  finished  the  AP 
test  in  tvjo  minutes.  The  percentages  were  found  by  dividing 
the  number  of  students  finishing  the  test  at  the  same  time 
by  the  total  number  in  the  grade  taking  the  test.  Though 
the  pupils  were  encouraged  to  check  their  work,  checking 
was  not  included  in  the  time  recorded  for  the  reason  that 
unless  pupils  are  trained  directly,  it  is  almost  im*possible 
to  get  them  to  check  their  ovm  work  voluntarily. 

Table  III  indicates  that  the  higher  the  grade  the  more 
rapidly  the  pupils  tend  to  add.  One  sixth  of  the  seventh 
grade  indicate  "counting"  or  faulty  work  habits.  In  the 
eighth  grade  this  is  decreased  to  about  one  eighth,  and  in 
the  ninth  grade  to  one  ninth.  A correlation  betv/een  accu- 
racy and  speed  is  revealed  in  this  test.  The  eighth  grade 
median  score  was  in  the  group  rating  ninety- two,  and  the 
eighth  grade  median  time  was  in  the  group  finishing  in  eight 
minutes . 

It  is  probable  that  there  is  som.e  counting  if  the  time 
consumed  in  doing  the  test  is  eight  minutes  or  more.  Occa- 
sional co-unting  may  have  taken  place  if  the  time  was  even 
less  than  eight  minutes.  With  eight  minutes  as  a standard, 
it  is  evident  that  over  fifty  per  cent  of  the  children  in 
grade  seven  counted,  almost  fifty  per  cent  in  grade  eight 
counted,  and  about  fifty  per  cent  in  grade  nine  also  did. 
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II  TABLE  III 

'i 

• Dis tri/bution  of  Time  on  a Percentage  Basis  on  the  AP 

I Test  for  Grade  VII  (450  pupils).  Grade  VIII  (400  pupils)  and 
I Grade  IX  (365  pupils). 


Minutes 

Grade  VII 

Grade  VIII 

Grade  IX 

1 

• 

2 

.22 

3 

.22 

1.43 

4 

.89 

1.00 

2.86 

5 

3.45 

4.75 

5.71 

6 

8 .50 

10.00 

10.29 

7 

14.09 

15.50 

16.00 

8 

14.09 

20.25 

13.43 

9 

11.63 

13.50 

10.57 

10 

11.41 

9 .00 

11.71 

11 

9.84 

6.75 

10.29 

12 

6.26 

6.00 

5.71 

Not 

finished 

16.78 

12.00 

11.14 

9 

2.68 

1.25 

.86 

Mean  of  time 
of  completed 
tests . 

8.52 

8.25 

8.18 

Figure  underscored  indicates  the  group  in  which  the 
median  falls . 
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From  the  time  used  in  doing  this  test  it  is  probable  that 
fifty  per  cent  of  the  junior  high  school  pupils  have  not 
learned  their  addition  facts  so  that  they  are  automatic  re- 
sponses. There  is  serious  need  for  corrective  work  among 
the  pupils  who  could  not  complete  the  test  in  the  maximum 
time  of  twelve  minutes.  In  the  seventh  grade  about  a sixth 
of  the  pupils  need  individual  diagnosis  and  remedial  work 
based  on  this  diagnosis. 

Graph  I should  be  read  in  the  following  manner:  eleven 

and  seventy- six  hundredths  per  cent  of  the  twelve  hundred 
fifteen  pupils  achieved  a score  of  one  hundred  on  the  Addition 
Process  Test.  This  graph  shows  that  the  drill  in  the  addi- 
tion process  has  brought  a majority  of  the  group  near  the 
one  hundred  per  cent  goal  but  there  are  still  too  many 
children  who  have  unsatisfactory  scores. 


I 

I 


1 


24 


'.GCfO''.:^  ..t 

ox  J 

onX  , 

<-  1 ; 

•a 

nX”  nL 

■.•'  ; 

f 

■j'cr’ 

.:  V r ■ 

■;j  ._r.‘.  ;Cf'i 

X(  o<: 

■>o  n,'. 

nf 

".P/ 

rnifr'  -x? 

Xc  ,:'.i 

:>o  •'t'-- 

i 

0 \ 

3 Gj^iC 

v^tf.X  3'Ut  V 

. ■,  r 

- -4^ 

■i  • ’J 

oa 

( , 

«'^  • » 
•- -■  * nc  xj 

Vbijp  'I 

* ' ft 

j on: 

f ? fTn  Ft ' 

V.I 

o v,  £^v,’::'0D 

'i'lOO 

n:oX 

■•  1 . a 

1 , 

• ■ 0‘'r> 

V.  , 

O':  oo 

•7'- 

:rjj;iTl 

.'X'  i,i' 

^i'lj  .i.‘.  .■+ 

J 0 ! 

.. 

•b  C '-il 

‘0 

■>  ao(r  :tX; 

ono  on 

V;  ::f; 

' ’ r ’ 

- ■ 

nd-xx': 

■»  ■*  ) ' • 

rjdi^K  9jb^*-ir^ 

nin 

tve'^'. 

onici 

/i 

T . 'oXcrn-'n 

^10  0 • . 

A‘io\> 

I '*»  * 

oeivts't:  nr'' 

* ■-•  / 

'nr-;,  - x 

n 

■ x;- 

' ^ 1 on  ^ 1 

noon  0 

■:\  >..i 

-oiX  ■ 

.n 

. n .’: : 'Oi  r 

X X r :■• 

V* 

• . '•  . r 

5 ■ i.  •• 

• s ■ . 

"''iXo 

O 

i 

1 

'-•0*1  ©n 

' :rc<[\ 

'- 

. f ' '"t 

■ ■'.'  T.  * 

, ' \ \ : r' 

T)  V j awd  ' fj 

^■+  lo 

''  ^ 

oxiXr!©n:b:: 

.T  Ti  : 

y A*  C-  i ' 

: J • 

*-•-•*’  ’» 
b*  ” - ^ 

'■  'V.  ; 

no  nf-‘Tbnxr.cl  on- 

f'  "‘0 

O'O 

• • 

■'.  ' 

^ 1 ► • •'  ■ 

J.'-'  .''r'7 

n ocfx 

• o 

‘ J 

“**  .w  •’  ' 

n' 

•^rfj 

GV.  O 

rir 

O ■ ■ Ti  .- 

* .-ir. 

X -x; 

.n:jO 

‘rX 

i*:iu 

■>!. 

- oL'c-'i^  ';.o 

v--j  : -,: 

'O',  n 

n 

• ’ ' * ■•  i 

■ -.ftxi 

■"  ■ no 

*-  -4* 

t;  ‘fi: 

oo^  ' i J:  ^ 

‘Vie 

^ " 0 '. 

-■'i  ■.’ 

rni 

T-sc  ’ ,tn 

0 0 

)iu;n  ■'-> 

no 

0 0';  V 

.-M-j- 

■■Air/ 

0 0 O 

c r("‘ 

' -'\OXliXo 

GRAPH  I 


f 


/90 

JK-6 

i/T  y 

//5 

J7.0 

/C^ 

fU 

— 

fOt^ 

/^O 

/3.< 

at) 

' 

P-' 

/>,o 

//r 

^ A.£, 

% 

I p '»<' 

« 

L-b 

4-.i 

J.6 

3)0 

- . 7 ^ 

3l,o 

).6 

!.0 

o.!i 

n a1 

0 *f-  i /:i  /(, 

^ 2)^  Js  3>  3(> 

^ ^ ^ 

io  ^ '7^  76 

n>  ^ 

’ /'a.'  ?C/»t 

Scores 


Distribution  of  Scores  on  a Percentage  Basis  on  the  AP 
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The  Subtraction  Process  Test 
The  Subtraction  Process  Test  used  to  test  achievement 
in  this  process  is  analyzed  in  Table  IV.  Of  the  one  hundred 
subtraction  facts  this  test  contains  ninety-six.  This  test 
is  const  ructed  very  well  for  diagnostic  purposes.  "Sub- 
traction is  most  frequently  used  in  making  change,  this 
means  that  the  most  common  amount  given  in  payment  of  bills, 
and  for  which  change  must  be  mad.e  is  the  one-dollar,  two- 
dollar,  and  five-dollar  bill.  The  next  most  common  sub- 
traction situation  is  two  places  (50  cents  or  25  cents  given 
in  payment),  followed  in  order  by  four,  one,  five,  and  six 
places."  (1)  This  factor  is  adequately  provided  for  in 
this  test  by  the  five  examples  involving  dollars  and  cents. 

The  most  frequent  error  in  this  test  was  in  borrowing 
of  three  types  (1)  failing  to  borrow  when  necessary,  (2) 
not  taking  one  av;ay  when  borrov;ed,  (3)  borrowing,  when  un- 
necessary. There  were  very  few  errors  in  the  one  hundred 
combinations . A prevalent  cause  of  trouble  v/as  zeros,  es- 
pecially when  subtracting  some  number  from  zero.  The  ten- 
dency was  to  write  the  subtrahend  figure.  _A11  the  pupils 
receiving  a score  of  zero  added  instead  of  subtcacting. 

The  mean  scores  on  subtraction  tended  to  be  slightly 
better  than  on  addition.  If  a child  in  the  .I'unior  high 

(1)  Wilson,  Guy  M.  "lilhiat  Arithmetic  Shall  Vie  Teach?" 

Boston:  Houghton  Mifflin  Company,  1926.  p~p . 20-21. 
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TABLE  IV 


Analysis  of  the  SP  Test 
Subtraction  Facts 

1 2 3 4 5 6 7 8 9 10  11  12  13  14  15  16  17  18 


111121111 
2212111111 
2412111111 
1111213111 
11113  311 

111232  111 

I 

111211]  11]. 
1111111  21 


112  1 


111111 


111111 


1111 


No.  of  facts  represented  = 96. 
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TABLE  V 


Test 

and 

Distribution  of  Scores  on  a 
for  Grade  VII  (450  pupils). 
Grade  IX  (365  pupils). 

Percentage 
Grade  VIII 

Basis  on  the  SP 
( 400  pupils ) , 

Scores 

Grade  VII 

Grade  VIII 

Grade  IX 

100 

13.99 

16.62 

14.32 

96 

18.51 

19.89 

21.21 

92 

19.18 

15.61 

18.45 

86 

13.09 

12.09 

11 .29 

84 

9.71 

11 .83 

6.61 

80 

6.32 

7 .30 

6.33 

76 

3.61 

3.77 

5 .78 

72 

4.74 

4.78 

3.30 

68 

2.03 

1 .76 

5.23 

64 

1 .80 

2.51 

1 .10 

60 

.45 

1 .00 

2.20 

56 

1 .12 

1 .25 

1 .37 

52 

.45 

.55 

48 

2 .03 

.25 

44 

.22 

1 .10 

40 

.22 

1.00 

.27 

36 

.22 

32 

.90 

28 

.27 

24 

.22 

20 

16 

12 

.25 

.27 

8 

.22 

4 

0 

.90 

.27 

Mean  of 

Scores 

85  .59 

90.04 

86.29 

Figure  underscored  indicates  the  group  in  which  the 
median,  falls  . 
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school  knows  an  addition  fact,  he  very  likely  knows  the 
corresponding  snhtraction  fact.  Another  e^q^lanation  for 
the  better  scores  on  the  subtraction  test  is  that  just 
about  one  half  as  many  facts  were  needed  on  this  test  as 
on  the  addition  test. 

Again  the  eighth  grade  secured  the  best  results.  Dol- 
lars and  cents  were  a factor  v/hich  lowered  the  ninth  grade 
mean  just  as  in  the  addition  test.  The  need  for  corrective 
work  on  the  subtr-'ction  process  is  less  than  in  the  other 
processes.  The  achievements  of  nupils  in  the  same  ^rade 
and  on  the  same  test  vary  greatly.  The  range  of  scores 
is  fron.i  eight  (om.itting  zeros  which  were  cav'sed  by  not 
following  directions)  to  one  hundred.  It  is  likely  that 
all  pupils  ratinr  less  than  a score  of  ninety  should  receive 
individualized  corrective  work  if  their  wor’V  nn  arithmetic 
is  to  be  successful.  Certainly  those  whose  scores  are 
scattered  along  the  lower  end  of  the  range  have  not  been 
properly  taught  if  they  are  in  junior  high  school  and  can- 
not do  fundamental  and  essential  subtraction. 

In  Table  VI  evidence  is  pertinent  that  the  higher  the 
grade,  the  more  rapidly  the  pupils  work.  This  slight  dif- 
ference in  speed  is  caused  probably  not  by  any  additional 
drill  in  school  but  bv  the  social  and  business  need  for 
arithmetic  as  the  child  groves  older.  All  the  pupils  who 
needed  more  than  seven  minutes  to  do  this  test  likely  re- 
sorted to  some  method  of  counting.  This  means  that  there 
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TABLE  VI 


Di s tribute. on  of  Time  on  a Percentage  Basis  on  the  SP 
Test  for  Grade  VII  (450  pupils),  Grade  VIII  (400  pupils). 
Grade  IX  (365  pupils) 


Minutes 

Grade  VII 

Grade  VIII 

Grade  ; 

1 

2 

.68 

.28 

3 

1.35 

.25 

4.13 

4 

6 .55 

6.55 

11.29 

5 

16.70 

15.87 

21 .76 

6 

14.90 

22.92 

19.56 

7 

12.87 

19.65 

16.25 

8 

18.06 

10.08 

10.47 

9 

12.19 

8.82 

7 .71 

10 

5.42 

5.79 

3.31 

11 

4.29 

3.53 

1.38 

12 

1.58 

3.27 

1.93 

Not 

finished 

4.06 

1.26 

1 .65 

? 

1.58 

2.02 

.28 

Mean  of  time 
of  completed 

tests . 

7.09 

7 .00 

6.35 

Figure  underscored  indicates  the  group  in  which  the 
median  falls . 
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viTPS  inadequate  drill  when  the  facts  were  introduced.  The 
pupils  who  did  not  finish  the  test  in  the  maximum  time  of 
twelve  m'nutes  indicate  serious  cases  of  counting.  In  the 
seventh  grade  there  are  approximately  three  times  as  many 
of  these  cases  as  in  the  eighth  and  ninth  grades.  As  evi- 
denced in  Table  VI  there  is  considerable  need  for  drill  in 
subtraction  to  lessen  the  time  consumed  in  essential  use  of 
the  process. 

Graph  II  should  be  read  as  follows:  about  fifteen 

per  cent  of  the  twelve  hundjred  fifteen  pupils  achieved  a 
score  of  one  hundred.  The  scattering  among  the  lower  scores 
of  the  graph  shows  that  many  pupils  have  very  little  knowl- 
edge of  the  subtraction  process.  More  pupils  indicate 
mastery  in  this  process  than  in  any  of  the  other  processes. 
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Distribution  of  Scores  on  s.  Percentage  Basis  on  the  SP 
Test  for  Grades  VII,  VIII,  and  IX  Combined  (1215  pupils). 
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The  Multiplication  Process  Test 

The  MP  Test  employed  ninety-ei.crht  of  the  one  hundred 
multiplication  facts.  The  sampling  of  facts  is  generous 
for  diagnostic  purposes  with  no  fact  being  used  more  thsn 
three  times.  "The  one-place  multiplier  makes  up  fifty- three 
per  cent  of  all  multiplication."  (1)  On  this  test  thirty- 
three  and  one  third  per  cent  of  the  examples  have  a one- 
place  multiplier. 

The  greatest  need  for  corrective  work  reveals  itself 
in  the  multiplication  process.  The  most  frequent  errors 
v/ere  caused  b^r  zeros.  Sixty  per  cent  of  the  examples  con- 
tained a zero  in  either  the  multiplier  or  multiplicand.  In 
multiijli cation  the  frequency  of  errors  on  the  primary/"  com-  j 

binations  wss  greater  than  in  either  the  addition  or  sub-  j 

I 

I 

traction  facts.  The  low  scores  on  the  multiplication  test  j 
were  also  caused  by  not  carrying,  correctly  in  adding.  Since 
pupils  have  not  been  taught,  thoroughly,  the  eighty  addition 
facts  needed  for  carrying  5n  multiplication,  their  speed 
v/as  retarded  and  the  possibility  of  error  was  greater. 

Again  the  eiahth  grade  made  the  best  record  for  scores. 
The  only  possible  explanation  for  the  ninth  grade  not  making 
a better  record  is  that  sufficient  drill  is  not  given  in 
this  grade  on  the  fundamental  processes.  To  gain  one  hun- 


(1)  Wilson,  G.  M.  '//hat  Arithmetic  Shall  We  Teach?  Boston: 
Houghton  Mifflin  Company,  1926.  pp . 21. 
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TABLE  VII 


Analysis  of  the  MP  Test 
100  Multiplication  Facts 
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3 
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2 

1 

2 

1 

No.  of  facts  represented  = 98 

The  number  in  the  vertical  scale  should  be  multiplied 
by  the  number  in  the  horizontal  scale. 
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dred  per  cent  accuracy  ninety-eight  and  eighty-eight  hun- 
dredths per  cent  of  the  seventh  grade  must  be  given  remedial 
instruction,  ninety-five  and  thirty  hundredths  per  cent  of 
the  eighth  grad.e,  ?nd  ninety- seven  and  fifty-one  hundredths 
per  cent  of  the  ninth  grade.  To  be  effective,  remedial  in- 
struction must  be  individualized.  Each  pupil  not  having  a 
perfect  score  should  be  retested  under  the  close  supervision 
of  the  instructor  who  notes  the  poor  work  habits  or  lack  of 
mastery  of  the  combinations  of  the  individual  pupil.  Then 
drill  should  be  set  up  on  an  individual  basis. 

The  range  of  scores  on  the  MP  test  indicates  that  prob- 
ably all  pupils  who  scores  less  than  alxty  are  candidates 
for  a remedial  class  in  arithmetic.  Certainly  all  whose 
scores  range  from  sixteen  to  sixty  are  not  apt  to  be  suc- 
cessful in  arithmetic  because  they  have  not  been  taught  the 
fundamental  processes  satisfactorily.  These  children  are 
usually  the  repeated  failures  in  arithmetic.  The  pupils 
whose  scores  vary  from  sixty-four  through  ninety- six  can 
be  given  corrective  work  during  the  regular  arithmetic  pe- 
riod. This  drill  can  be  facilitated  by  using  the  pupils 
who  had  perfect  scores  as  teachers  of  small  groups. 

The  percentage  of  perfect  papers  on  the  MP  test  was 
much  lower  than  in  addition  or  subtraction.  This  would  seem 
to  indicate  that  as  much  drill  has  not  been  given  on  this 
process  as  on  the  other  two.  Many  errors  could  be  eliminated 
by  teaching  the  pupils  an  easy  method  for  checking  their 
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TABLE  VIII 


Distribution  of  Scores  on  the  MP  Test  on  a Percentage 
Basis  for  Grade  VII  (450  pupils).  Grade  VIII  (450  pupils), 
and  Grade  IX  (565  pupils). 


Scores 

Grade  VII 

Grade  VIII 

Grade  IX 

100 

1.12 

4.70 

2.49 

96 

7.40 

8.42 

6.37 

92 

10.54 

12.62 

8.86 

88 

12.78 

15.59 

13.30 

84 

14.57 

12.13 

12.74 

80 

15.25 

11.63 

12.74 

76 

8.30 

9.65 

10.25 

72 

5 .16 

7 .18 

10.53 

68 

5.83 

3.22 

6.37 

64 

6.05 

3.96 

5 . 26 

60 

2.24 

1.98 

3.05 

56 

2.24 

3.22 

3.32 

52 

2.02 

2.23 

1.66 

48 

.90 

.99 

.55 

44 

1 .57 

1.24 

.83 

40 

.90 

.28 

36 

1.57 

.50 

.28 

32 

.45 

.50 

.83 

28 

.67 

.28 

24 

.22 

20 

16 

.22 

.25 

12 

8 


4 

0 

Mean  of 

Scores  77.58  80.39  78.17 


Figure  underscored  indicates  the  group  in  which  the 
median  falls. 
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6 


multiplication  examples.  Unless  a simple  way  of  checking 
an  example  has  been  taught  to  a child,  he  will  not  check 
in  many  cases.  If  he  does  check,  he  merely  goes  over  his 
figures  and  repeats  his  error  since  he  is  not  conscious 
that  a mistake  exists. 

Graph  III  should  be  read  as  follov;s:  two  and  seventy- 

five  hundredths  per  cent  of  the  pupils  achieved  a score  of 
one  hundred.  Though  this  graph  shows  better  than  a normal 
distribution,  the  results  are  far  from  satisfactory.  For 
a graph  to  show  desired  results  on  fundamental  processes 
nearly  all  the  pupils  should  be  at  or  near  the  one  hundred 
per  cent  score. 
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Distribution  of  Scores  on  a Percentage  Basis  on  the  MP  Test 
for  Grades  VII,  VIII,  and  IX  Combined  (1215  pupils). 
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Fifteen  minutes  v/as  allowed,  as  maximum  time  for  com- 
pleting the  MP  Test.  This  was  established  under  the  sup- 
position that  anyone  taking  longer  than  that  must  be  "ssying 
tables"  or  ’bounting" , In  Grade  VII  there  is  evidence  to 
shovi?  that  the  pupils  have  not  mastered  the  multiplication 
facts  so  that  they  have  become  automatic  responses.  All 
the  pupils  not  completing  the  test  in  both  the  eighth  and 
ninth  grades  do  not  equal  the  number  in  the  seventh  grade 
not  finishing  in  the  given  time. 

Again  the  higher  the  grade  the  greater  the  speed  is 
in  a process . Not  only  is  much  drill  needed  in  multipli- 
cation to  secure  correct  responses,  but  also  to  speed  the 
rapidity  of  response.  Since  the  time  consumed  in  doing  the 
multiplication  test  is  rather  long,  there  is  an  indication 
that  the  children  have  been  taught  the  multiplication  facts 
by  tables  not  as  abstract  facts  in  small  teaching  units. 

As  the  scores  are  not  consistent  with  the  addition  scores, 
there  is  basis  for  believing  that  the  difficulty  is  mostly 
in  the  multiplication  facts  and  not  in  the  addition  facts 
involved . 

It  is  probable  that  all  pupils  who  needed  more  than  ten 
minutes  to  do  the  MP  test  "say  tables"  in  doing  multiplica- 
tion work.  These  pupils  need  to  be  retaught  their  m.ultipli- 
cation  facts  so  that  each  fact  is  isolated  and  the  bonds  of 
association,  connected  with  the  tables,  disintegrated. 
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TABLE  IX 


Distribution  of  Time  on  a Percentage  Basis  on  the  MP 
Test  for  Grade  VII  (450  pupils).  Grade  VIII  (400  pupils), 
and  Grade  IX  (365  pupils). 


Minutes 

Grade  VII 

Grade  VIII 

Grade  IX 

4 

.44 

.24 

.82 

5 

.89 

.99 

2.20 

6 

1.34 

3.96 

9.91 

7 

4.01 

12.12 

9.64 

8 

4.24 

15.59 

14.87 

9 

10.26 

9.97 

14.87 

10 

12.27 

16.09 

14.60 

11 

12.50 

8.91 

7 .16 

12 

12.50 

8.16 

8.26 

13 

10.04 

6 . 68 

6 .88 

14 

6.69 

4.70 

3.03 

15 

3.79 

3.21 

1 .37 

Not 

finished 

19.86 

8.41 

7.54 

9 

• 

1 .11 

.99 

.55 

Mean  of  time 
of  completed 
tests 

10.89 

9 .78 

9 .30 

Figure  underscored  indicates  the  group  in  v/hich  the 
medl sn  f alls . 


TV>e  Short  Division  Process  Test 

Thonph  short  division  is  no  longer  taught  as  a process 
in  Springfield,  Massachusetts,  the  Short  Division  Process 
Test  was  P'iven  as  a simplified  form  of  long  division.  The 
examples  are  printed  so  that  they  can  he  done  as  long  di- 
vision . 

The  seventh  grade  rated  appreciably  lower  than  the 
other  tv/o  grades.  This  may  be  due  to  the  fact  that  t ose 
pupils  were  unfsinlliar  with  the  term  short  division  and 
became  frightened  when  encountering  it  as  the  title  of  a 
test.  The  most  common  error  in  all  crrades  was  to  omit  the 
zero  in  the  quotient,  such  as,  21  for  201.  Failure  to  in- 
dicate a remainder  was  another  frequent  error.  The  errors 
in  primarv  division  facts  v/ere  as  common  as  the  mistakes 
in  the  multiplication  combinations. 

In  the  upper  grades  the  tendency  was  prevalent  to  place 
a decimal  point  after  the  dividend  srd  then  to  carrv  the 
division  three  or  four  places  after  the  decimal  point.  In 
so  doing  errors  became  more  frequent  since  the  possibility 
for  error  was  greater.  The  seventh  grade  class  rated  about 
the  same  in  both  the  multiplication  and  short  division 
tests  showing  a close  correlation  between  the  two  sets  of 
facts.  The  variation  in  Grade  VIII  was  very  slight.  In 
Grade  IX  there  was  a noticeable  improvement  in  short  divi- 
sion over  multiplication  showing  that  the  chief  difficulty 
in  multiplication  must  be  in  the  addition  involved  in  doing 
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TABLE  X 


Distribution  of  Scores  on  a Percentage  Basis  on  the  SDP 
Test  for  Grade  VIII  (450  pupils).  Grade  VIII  (400  pupils), 
and  Grade  IX  (365  pupils) 


Scores 

Grade  VII 

Grade  VIII 

Grade  IX 

100 

9.42 

10.71 

9.22 

96 

15.47 

18.11 

12.01 

92 

13.68 

15.82 

15.64 

88 

8.74 

10.20 

15.08 

84 

.7.17 

9.44 

7.54 

80 

5T3H- 

5.87 

8.94 

76 

5.16 

4.34 

6.15 

72 

6.05 

3.32 

4.75 

68 

4.04 

2.30 

4.75 

64 

2.69 

5.36 

2.23 

60 

3.14 

3.06 

2.51 

56 

2.24 

1 .53 

3.07 

52 

4.48 

3.06 

1 .96 

48 

3.14 

1.79 

1.12 

44 

2.47 

2.04 

1 .68 

40 

2.02 

.77 

1 .40 

36 

.90 

1 .02 

.28 

32 

1.12 

.26 

.56 

28 

.45 

.26 

.56 

24 

.45 

.28 

20 

.22 

.26 

16 

.67 

12 

8 

.26 

.28 

4 

.45 

0 

. 45 

.26 

Mean  of 

Scores 

77  .55 

81.61 

81.26 

Figure  underscored  indicates  the  group  in  which  the 
median  falls. 
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the  process. 

To  attain  a standard  of  one  hundred  per  cent  ninety 
and  f if ty- eifdit  hundredths  per  cent  of  the  seventh  grade 
class  need  corrective  work,  eight7/--nine  and  twenty-nine 
hundredths  per  cent  of  the  eip:hth  grade,  and  ninety  and 
twenty- two  hundredths  per  cent  of  the  ninth  grade. 

Graph  IV  should  be  read  in  this  manner:  almost  ten 

pe  r cent  of  the  twelve  hundred  fifteen  pupils  in  this 
junior  high  school  attained  a score  of  one  hundred,  which 
indicates  mastery  of  the  short  division  process.  The  num- 
ber of  pupils  getting  low  scores  on  the  SDP  Test  shows  that 
there  is  a great  deal  of  confusion  in  this  process . The 
spread  of  scores  indicates  that  the  need  for  rem.edial  in- 
struction affects  a large  percentage  of  the  pupils. 
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Distrlb-ation  of  Scores  on  a Percents.ge  Basis  on  the  SDP 
Test  for  Grades  VII,  VIII,  and  IX  Combined  (1215  pupils). 
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A time  limit  of  twelve  minutes  was  allowed  for  this 
test.  An  outstanding  percentage  of  seventh  arade  pupils 
did  not  finish  the  test.  This  correlates  closely  with  their 
showing  on  the  multiplication  test  and  indicates  a real 
need  for  corrective  work.  The  percentages  of  pupils  not 
completing  the  test  in  Grades  VIII  and  IX  is  not  particu- 
larly disturbing  though  they  fall  far  short  of  the  goal 
of  mastery  which  should  be  expected  in  the  junior  high 
school . 

All  pupils  who  required  more  than  seven  minutes  to  do 
this  test  likely  "said  tables"  in  dividing  and  multiplying. 

To  eliminate  this  habit  the  facts  must  be  disassociated 
from  tables  and  drilled  on  until  automatic  response  is  forth- 
coming. Each  fact  must  be  taught  not  only  in  multiplication 
but  also  in  division.  One  cannot  assume  that  a child  knows 
the  corresponding  division  fact  when  he  knows  the  multipli- 
cation fact.  For  example  if  a pupil  knows  7X9=  63,  he 
does  not  know  necessarily  that  63  4 7 = 9 . Each  of  these 
facts  must  be  taught.  Prom  TABLE  IX  the  evidence  can  be 
derived  that  about  forty  per  cent  of  the  seventh  grade 
pupils,  thirty  per  cent  of  the  eighth  grade  pupils,  and 
tv/enty- three  per  cent  of  the  ninth  ecrade  pupils  are  in  need 
of  drill  on  division  facts  to  Increase  their  speed.  Though 
rapidity  of  response  seems  to  improve  as  the  child  matures, 
this  factor  could  be  improved  greatly  by  employing  a proper 
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drill  techniaiie  and  better  methods  of  teaching  from  the 
time  of  presentation  of  the  facts  to  the  child.  If  proper 
instruction  has  not  been  given  in  the  elementary  learning 
stage,  it  is  a function  of  the  junior  high  school  to  aid 
the  child  in  relearning  by  means  of  some  type  of  remedial 
work.  Certainly  no  adolescent  child  should  continue  v/ith 
the  average  class  if  he  cannot  complete  a test  such  as 
the  SDP  one  in  twelve  minutes  . 
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TABLE  XI 


Distribution  of  Time  on  a Percentage  Basis  on  the  SDP 
Test  for  Grade  VII  (450  pupils).  Grade  VIII  (400  pupils), 
and  Grade  IX  (365  pupils). 


Minutes 

Grade  VII 

Grade  VIII 

Grade  IX 

1 

2 

.25 

.83 

3 

.67 

3.31 

9 .77 

4 

4.48 

9 .18 

18.71 

5 

13.67 

19.64 

22.62 

6 

15.02 

20.40 

14.80 

7 

14.57 

15.81 

10.05 

8 

13.90 

8.16 

9.49 

9 

10.31 

7 .90 

2.51 

10 

7.39 

5.35 

3.63 

11 

4.70 

1.78 

1 .95 

12 

2.91 

3.06 

1 .11 

Not 

finished 

11 .66 

4.33 

3.07 

7 

.67 

.76 

1.39 

Mean  of  time 
of  completed 
tests 

7 .36 

6 .59 

5 .73 

Figure  underscored  indicates  the  group  in  which  the 
median  falls. 
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The  Long  Division  Process  Test 

Recently  the  process  of  long  division  as  a teaching 
unit  has  been  deferred  until  Grade  VI  in  Springfield.  The 
effect  of  this  change  already  has  made  a difference  in  the 
quality  of  the  v/ork  of  the  pupils.  On  the  Long  Division 
Process  Test  the  seventh  grade  pupils  had  the  greatest  per- 
centage of  perfect  scores  which  are  indicative  of  complete 
mastery. 

The  mean  scores  on  the  long  division  test  are  about 
a point  lower  than  those  on  the  multiplication  tests.  This 
is  probably  because  long  division  is  the  last  process  the 
children  learn  and  the  time  for  drill  has  not  been  so  long 
as  in  the  other  processes.  As  in  multiplication,  zeros 
cause  difficulty  in  division.  One  of  the  most  common  errors 
was  to  omit  the  zero  between  figures  in  the  quotient.  In 
both  short  division  and  long  division  v/e  have  instances  of 
pupils  not  knowing  the  process  by  the  time  they  are  in 
junior  high  school. 

The  range  of  scores  on  the  LDP  test  as  indicated  In 
TABLL  XII  shows  that  a large  percentage  of  pupils  are  seri- 
ously handicapped  in  long  division.  Those  who  scored  less 
than  sixty  have  a very  limited  knov/ledge  of  the  process  it- 
self. In  the  seventh  grade  about  twenty- eipht  per  cent  of 
the  pupils  are  in  this  classification;  in  grade  eight  about 
twenty- two  per  cent;  in  grade  nine  about  twenty- three  per 
cent.  Most  of  these  pupils  need  to  have  a diagnosis  of 
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their  work  to  determine  whether  their  difficulty  lies  in 
division  itself  or  in  the  processes  necessary  in  division-- 
addition,  subtraction,  or  multiplication.  On  the  basis  of 
this  diagnosis  individual  remedial  programs  should  be  es- 
tablished . 

The  percentages  of  perfect  scores  are  less  than  on  the 
SDP  test.  This  Illustrates  that  two  figures  or  more  in  the 
divisor  create  considerable  difficulty  for  the  average  child 
It  is  apparent  then  that  insufficient  drill  has  been  given 
on  this  type  of  example.  The  corrective  work  in  division 
should  be  focused  on  examples  with  two  or  three  numbers  in 
the  divisor.  To  make  the  corrective  work  possible  for  the 
average  child  to  master,  the  learning  units  must  be  small 
and  built  in  steps  of  progressing  difficulty.  The  average 
teacher  plunges  the  child  into  long  division  after  explain- 
ing the  process.  She  does  not  assign  examples  without  carry- 
ing or  borrowing  until  knowledge  of  the  process  is  thorough. 
Besides  encountering  a new  type  of  work  the  child  faces  the 
most  difficult  steps  in  the  other  processes.  With  teaching 
of  this  type,  confusion  of  long  standing  results.  To  make 
the  teaching  of  long  division  one  hundred  per  cent  effective 
for  one  hundred  per  cent  of  the  children,  the  progress  in 
meeting  additional  difficulties  must  be  very  slew  said  based 

on  the  individual  need  of  the  child,  pn  doing  corrective 
work  in  long  division  the  teacher  must  remember  that  it  in- 
volves corrective  work  in  three  other  processes--addltion 
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TABLE  XII 


Distribution  of  Scores  on  a Percentage  Basis  on  the  LDP 
Test  for  Grade  VII  (450  pupils).  Grade  VIII  (400  pupils), 
and  Grade  IX  (365  pupils). 


Scores 

Grade  VII 

Grade  VIII 

Grade  IX 

100 

6.46 

6 .20 

3.96 

96 

8.46 

11.89 

10.48 

92 

11.58 

12  .66 

10.20 

88 

11 .58 

11.37 

11.61 

84 

11 .80 

10.08 

12.18 

80 

9.58 

9 .04 

11.61 

76 

6.01 

9.30 

8.50 

72 

5.79 

6.98 

8.22 

68 

3.34 

5 .17 

4.82 

64 

2.00 

4.65 

3.40 

60 

4.45 

1.81 

3.40 

56 

2.90 

2.84 

2.27 

52 

4.90 

1 .03 

1 .42 

48 

1.34 

1 .55 

.85 

44 

1.11 

1 .55 

2.27 

40 

1.11 

.78 

.56 

36 

.67 

1.29 

1.98 

32 

] .56 

.26 

.56 

28 

1 .11 

.26 

.56 

24 

1.78 

.26 

.28 

20 

.22 

16 

.45 

.52 

.85 

12 

8 

.67 

4 

.89 

.26 

0 

.22 

.26 

Mean  of 

Scores 

75.40 

79  .28 

77  .92 

Figure  underscored  indicates  the  group  in  which  the 
median  falls. 
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(eighty  facts  needed  for  carrying  in  multiplication),  sub- 
traction (one  hundred  facts),  multiplication  (100  facts )-- 
besides  the  ninety  division  facts.  Is  it  any  wonder  that 
the  scores  ai-e  lowest  in  long  division  if  none  of  these 
other  fundamentals  have  been  mastered? 

Graph  V should  be  read  in  this  way  about  five  and 
sixty-five  hundredths  per  cent  of  the  twelve  hundred  fifteen 
pupils  made  a score  of  one  hundred  on  the  Long  Division 
Process  Test.  The  percentages  of  pupils  approaching  mastery 
of  this  process  are  much  lower  than  in  the  other  processes. 
Many  pupils  show  very  little  achievement  in  the  long  division 
process . 
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S-cores 

Distribution  of  Scores  on  a Percenta<?-e  Basis  on  the  LDP 
Test  for  Grades  VII,  VIII,  and  IX  Combined  (1215  pupils). 


52 


aa 


V 


>< 


\ 


/ 


t 


i 


■ I'.  :) 


> .•  I * • 

'-'■.-ny 


O:'}''.  ■‘•o  ;, 

r ! ' ■ ■•■  / 


J 


The  percentage  of  pupils  not  completing  the  test  in 
the  maximum  time  of  twenty-five  minutes  was  very  large  in- 
dicating that  the  time  allotted  was  not  long  enough.  Al- 
most a third  of  the  seventh  grade  class  did  not  finish  in 
twenty-five  minutes.  A fifth  of  the  eighth  grade  did  not 
complete  the  test,  and  an  eighth  of  the  ninth  grade  did 
not.  According  to  the  standards  cited  on  the  test  seventh 
grade  pupils  should  finish  in  fifteen  minutes  while  the 
mean  in  this  group  was  eighteen  and,  seventy-one  hundredths 
minutes.  The  need  for  corrective  work  in  long  division  is 
very  great. 

The  range  of  time  on  the  LDP  test  is  sufficient  evidence 
that  the  drill  on  this  process  has  not  been  properly  admin- 
istered. If  the  teaching  of  long  division  had  been  effec- 
tive, a majority  of  the  students  would  have  achieved  satis- 
factory scores.  A large  percentage  of  scores  ^is  even  less 
than  sixty.  The  distribution  of  time  needed  for  doing  the 
test  is  not  normal.  A great  deal  of  tim.e,  doubtlessly,  has 
been  spent  on  drill  in  this  process,  but  possibly  the  drill 
has  not  been  set  up  for  purposeful  learning  with  preanalyses 
of  the  other  processes  as  a basis. 

The  pupils  who  took  more  than  eighteen  minutes  to  do  this 
test  probably  "said  tables"  to  obtain  each  number  in  a quo- 
tient. Certainly  the  children  who  did  not  complete  the  test 
in  the  maximum  time  of  twenty-five  minutes  have  built  such  a 

faulty  habit  and  also  aue  troubled  with  confusion  in  the 

process  steps.  — 
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TABI.E  XT  IT 


Distribution  of  Time  on  p Percenta.^e  Basis  on  the  LDP 
Test  for  Grade  VII  (450  pupils).  Grade  VIII  (400  pupils), 
and  Grade  IX  (565  pupils). 


Minutes  Grade  VII 

Grade  VIII 

Grade  IX 

6 

.77 

.29 

7 

.22 

.29 

8 

.51 

1 .15 

9 

.22 

.51 

.86 

10 

.22 

2.57 

4.60 

11 

.67 

1 .80 

3.15 

12 

2.22 

2.57 

8.02 

13 

2.88 

3.08 

5.16 

14 

1 .56 

4.11 

8.31 

15 

6 .89 

11.05 

8.31 

16 

5.11 

7.46 

8.88 

17 

5 .56 

7 .20 

6.88 

18 

6.89 

7 .20 

6.02 

19 

5.11 

4.37 

5.44 

20 

6.22 

7.46 

4.30 

21 

6.44 

4.11 

3.72 

22 

4.89 

3.08 

4.87 

23 

5.33 

2.06 

1.72 

24 

2.67 

4.88 

1.72 

25 

4.67 

4.11 

2.60 

Not 

finished 

30.44 

19.54 

12.03 

*? 

1.78 

1.29 

1.72 

Mean  of  time 
of  completed 
tests 

18.71 

17.41 

16.15 

Figure  underscored  indicates  the  group  in  whic'i'i  the 
median  falls. 


Summary  of  Data 


TABLE  XIV  is  to  be  read  as  follows:  eleven  and  seventy- 

six  hundredths  per  cent  of  the  tv/elve  hundred  fifteen  pupils 
achieved  a score  of  one  hundred  on  the  AP  test.  Judging  from 
the  percentage  of  those  who  show  complete  mastery  and  from 
the  group  in  which  the  median  falls,  the  least  corrective 
work  needs  to  be  done  in  subtraction.  Using  the  percentage 
of  pupils  who  had  a score  of  one  hundred,  as  a standard  for 
evaluation,  the  process  in  greatest  need  of  remedial  instruc- 
tion is  multiplication. 

To  correct  faulty  work  habits,  such  as  "counting"  in 
addition  and  "saying  tables"  in  multiplication  and  division, 
individualized  diagnosis  and  remedial  instruction  must  be 
carried  forth.  The  following  difficult  steps  need  to  be 
given  special  attention  and  taught  more  slo?/ly  and  thoroughly 

(1)  addition-- carrying 

(2)  subtraction--borrowlng 

(3)  mul tiplication--zero  difficulties 

and  carrying 

(4)  division-- the  use  of  zero  and  the 

difficult  steps  in  the 
other  processes. 

The  correlation  between  the  addition  and  subtraction 
scores  is  close.  There  is  also  close  correlation  between 
the  multiplication  and  division  percentages.  This  relation 
indicates  that  drill  in  one  of  the  related  processes  materi- 
ally improves  achievement  in  the  other. 


-'•la':*  VO  a ’a-;  no  vole  :uv<o££ol  aa  fjijG'7  o.t  ' VIX 
aCiu/fiif  n^Gllxl  ..-D'lbcrifr^  ovier^l  o/ti  'to  Inoo  leq  sdlbo'li^njvcf  xiti 
A A Ttaj-H^rrE,  . \'el  erll  ap  d9Tl>ru/n  eao  lo  d-.oo3  o foovoirbs 
f>o>^  y'x6lnB.f  ojolqffioo  wotlrt  uiTw  o«0(\l  lo  eqplnooaoo . Oi>l 

^ * 

3V.5;lo-3^i*'i0.o  l3r:0l  orfl  ...IXil  rir.:jvOiU  ortf  xlolav-.  nl  qrroo;^  odJ 
oiJ3lnQO‘i-»<i  edl  q;aei)  . ao .cloo-ild o-;  ni  enbo  eP  ol  j-. -reoa  :.-t-iOr. 
aoi  boodrroj'^  s 3 * . ivaiijax/ci  eno  lo  s^orhz  bar'  ojrhr  alX.rt.aq,  ‘xo 
-oi/iPanx  I rOOirLoo:  lo  1 ;elj30‘-:-5  c%.l  osaooaq  odl  . aoXliii/Iove. 

. noxl  ooxXoi;!  Cx/K  G.t  noil 

nl  oA  ilDxrr  .alM^d  loov'.  vl X'/al  lo^v'aoo  oT  ' 

,n0xol'vi:5  ;lrn  aoxl..iq  r.l  :iXl  r.ir,:  xi:  '‘  ielf/jsl  qaXY^^*‘  -nolliLrtiJO 

o-d  i-i/in  nolio»oil:ini  Ini-lOMoi  jmw  -1^003^X0  OooXIs'L'bxv^bni 

6d  01  Doon  a lola  JX'roIil?^  o<:X.  oCIoi  odT  . 'If-iol 

YlaHO'oaorj.1-  om'  YXwoXa  soorc  IPnx/.  1 .')r. fro  £j  aoll u I4io.>qn  anAA 

tOxSl.oda  (I) 

a '’•vo'i'icP-- (:;) 

nelllr/o'm  u'xe?^-- •ollBO-IIr  ’lIfOi  (?) 

Ya.cr'X'i/’o  Oixq 

OV'I  iKv  C‘ioa  *JO  9iAj  oo'J ---vyxolv  fX  (>) 

Oiij  i’ll  tiqel  3 1 CixoJ'iliu 
. 00  ..cooo'iq  xorilc 

rrollocxla:/;',  Orro  a-  x:  £joa  od-l  noo.v.lovf  aoxJrKoaxoo  oixT 

I 

rtoo^vlop  iroxlulc,  "1,0  o -.clo  0-X;  .A  oxexfT  . :t  o Co  ax  ae-ioos 

' ' w*. 

. , ■ "* 

liOXPf.X.-O  A.  A . ■ OV^l*roOOOri  noX  -tr  ■^CX- i5oXX:  £1  to . Ofil 

"*  • •• 

-£*iOj'»ja  ;.o /c; ooo'itj  PeliiXox  1-q  orio  til  XX.l  aii  <t:riz< 

. 'Tori.j  o .vril  a ? 1 :i3 lub  ve  I poa 


'<  -'-eX  ooX.ofi 


‘JOVoavTinX  yXXr; 


TABLE  XIV 


Distribution  of  Scores  on  a Percentage  Basis  on  the  AP, 
SP,  MP,  SDP,  and  LDP  Tests  for  Grades  VII,  VIII,  and  IX  Com- 
bined (1215  pupils) 


Scores 

AP 

SP 

MP 

SDP 

LDP 

100 

11.76 

14.96 

2.73 

9.78 

5.64 

96 

15.85 

19.78 

7 .43 

15.30 

10.18 

92 

18.02 

17  .79 

10.73 

14.97 

11  .52 

88 

16.01 

12.22 

13.87 

11 .12 

11.52 

84 

10.51 

9.48 

13.21 

8.03 

11 .35 

80 

8.42 

6 . 65 

13.29 

6.61 

10.01 

76 

6.17 

4.32 

9 .33 

5.18 

7 .82 

72 

4.17 

4.32 

7 .43 

4.77 

6.90 

68 

4.34 

2.91 

5 .12 

3.68 

4.37 

64 

2.50 

1.83 

5.12 

3.43 

3.28 

60 

1.00 

1 .16 

2.39 

2.93 

3.28 

56 

.58 

1.25 

2.89 

2.26 

2.69 

52 

.50 

.33 

1 .98 

3.26 

2.61 

48 

.17 

.83 

.83 

2.09 

1.26 

44 

.41 

1 .24 

2.09 

1.60 

40 

.50 

.41 

1.42 

.84 

36 

.08 

.83 

.75 

1.26 

32 

.33 

.58 

.67 

.84 

28 

.08 

.33 

.42 

.67 

24 

.08 

.08 

.25 

.84 

20 

.17 

.08 

16 

.17 

.59 

12 

.17 

.25 

8 

.08 

.17 

.25 

4 

.17 

.42 

0 

.50 

. 25 

.17 

Mean  of 

Scores 

86.72 

86 . 45 

78.69 

80.07 

77.40 

Figure  underscored  indicates  the  group  in  which  the 
median  falls , 


56 


Using  the  means  of  the  scores  as  a criterion  for  judg- 
ing, it  seems  that  in  the  junior  high  school  just  eighty- 
six  of  a hundred  simple  addition  examples  would  he  correct. 
If  we  compare  this  with  spelling,  we  question  whether  or 
not  eighty- six  correctly  spelled  words  of  a hundred  simple, 
essential  spelling  words  would  be  considered  satisfactory 
work  at  the  junior  high  school  level.  These  are  both  tool 
subjects,  yet  our  standards  in  spelling  have  been  higher 
than  in  arithmetic.  By  similar  thinking  we  discover  that 
eighty- six  of  a hundred  subtraction  examples  would  be  cor- 
rect, seventy-eight  of  a hundred  multiplication  examples, 
eighty  of  a hundred  division  examples  with  one  figure  in 
the  divisor,  and  seventy-seven  division  examples  of  one 
hundred  with  more  than  one  figure  in  the  divisor.  Since 
accuracy  is  demanded  in  daily  business  contact  with  figures, 
it  is  ^parent  that  our  standard  for  determining  satis- 
factory work  in  the  fundamental  processes  has  been  too 
lenient . 
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Table  XV  should  be  read  in  the  following  manner:  eight 

hundredths  of  one  per  cent  of  the  twelve  hundred  fifteen  pu- 
pils completed  the  AP  test  in  two  minutes.  The  rsnge  of  tlm.e 
on  the  AP,  SP,  MP,  and  SDP  tests  follows  a someAvhat  normal 
distribution.  If  the  m.aximum  time  lim.it  for  each  of  these 
tests  had  been  extended  until  sll  pupils  had  completed  each 
test,  the  distribution  curve  would  have  been  completed.  The 
distribution  of  time  on  the  LDP  test  is  so  elongated  that  a 
very  slight  curve  results.  This  probably  indicates  that  the 
learning  of  this  process  has  not  been  finished  b-'r  the  majori- 
ty of  the  pupils . 

Though  the  scores  on  the  MP  test  were  the  poorest,  the 
number  of  pupils  not  completing  the  test  in  the  maximum  t-^me 
WPS  less  than  on  the  AP  test.  This  seems  to  reveal  that  the 
percentage  of  children  showing  faulty  process  hsbits  is  less 
in  multiplication  than  -in  addition.  The  large  percentage  of 
Incomplete  AP  tests  possibly  shows  that  the  teaching  of  addi- 
tion v/as  commenced  when  the  children  had  insufficient  number 
concept  to  comprehend  the  process  and  to  master  the  basic 

facts.  Placed  in  this  dilemma,  the  child  developed  the  habit 
of  counting  and  thereby  retarded  his  speed.  The  large  per- 
centage of  unfinished  tests  in  the  long  division  process  may 
be  attributed  to  poor  work  habits  in  each  of  the  other  pro- 
cesses and  to  lack  of  comprehension  of  this  process. 


TABLE  XV 


Distribution  of  Time  on  a Percentage  Basis  on  the  , SP, 
HP,  SDP,  and.  LDP  Tests  for  Grades  VII,  VIII,  and  IX  Combined 
( 1215  pupils ) . 


i/Iinutes 

SP 

SP 

MP 

SDP 

LDP 

2 

.08 

.33 

.33 

3 

.50 

1.75 

4.26 

4 

1.50 

7 .98 

.49 

10.28 

5 

4.51 

17.71 

1 .32 

18.31 

6 

9.52 

18.87 

4.77 

16.72 

.34 

7 

15.12 

15.63 

8.40 

13.63 

.17 

8 

15.96 

12.88 

11.19 

10.70 

.51 

9 

11.95 

9.56 

11  .52 

7.19 

.51 

10 

10.6'9 

4.90 

14.24 

5.60 

2.27 

11 

8.94 

3.16 

9.71 

2.93 

1.77 

12 

6.02 

2.24 

9 .79 

2.42 

4.04 

13 

7.98 

3.62 

14 

4.94 

4.38 

15 

2.88 

8.68 

16 

6.99 

17 

6.49 

18 

6.74 

19 

4.97 

20 

6.07 

21 

4.88 

22 

4.29 

23 

3.20 

24 

3.12 

25 

3.88 

Test  not 

completed 

13.53 

2.41 

11 .85 

6 . 69 

21.48 

9 

1.67 

1.33 

.91 

.92 

1.60 

Mesn  of  time 

of  comj)leted 

tests 

8.42 

6.74 

10.00 

6 . 60 

17.46 

Figure 

underscored  indicates 

the  group 

in  which 

the 

median  falls  . 
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TABLE  XVI 

Mean  Scores  on  the  Five  Tests  Used,  for  Grades  VII,  VIII 
and  IX  Separately. 


Grade 

AP 

SP 

MP 

SDP 

LDP 

— 7 — 

, 

.85 

.59 

77  . 

.58 

77  .55 

75  . 

40 

8 

87  , 

.99 

90, 

.04 

80, 

.39 

81.61 

79  . 

28 

9 

85  , 

.53 

86  , 

.29 

78, 

.17 

81.26 

77  . 

92 

Grades 

7,  8, 

and  9 

combined 

86.72 

86, 

.45 

78, 

.69 

80.07 

77  . 

40 

In  addition  vve  most  nearly  approach  the  hundred  per  cent 
goal.  Subtraction  ranks  a close  second.  The  mean  of  subtrac- 
tion scores  would  equal  the  mean  of  the  addition  scores,  prob- 
ably, if  pupils  followed  directions  and  subtracted  when  they 
should  and  not  added.  If  we  omitted  scores  caused  by  this 
error,  subtraction  and  addition  v/ould  show  equal  degrees  of 
mastery . 

Many  a reader  would  consider  these  verv  good  averages 
since  they  are  above  seventy  per  cent,  the  usually  accepted 
average.  When  we  consider  that  we  are  preparing  the  child 
for  life,  we  must  question  whether  or  not  arithmetic  teaching 
has  been  effective  if  the  averap-e  score  is  eightv-si‘x  per  cent 
or  less.  Is  a clerk  in  a grocery  store  successful  if  he  totals 
just  eighty- six  of  a hundred  orders  correctly?  Is  the  average 
housewife  competent  if  she  receives  the  correct  change  just 
eighty-six  out  of  a hundred  times?  ^^/hen  we  apply  these  aver- 
ages to  the  everyday  need  of  arithmetic  in  life,  we  conclud.e 
that  the  school  has  not  been  successful  unless  the  average 
individual  has  mastered  the  essential  processes  in  arithmetic. 
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Our  greatest  corrective  need  will  be  answered  when  we 
have  taught  multiplication  perfectly  or  almost  perfectly 
because  when  we  have  done  that,  division  will  also  be  reme- 
died . 


TABLE  XVII 

Mean  Time  on  the  Five  Tests  Used,  for  Grades  VII,  VIII  and 
IX  Separately. 


Grade 

AP 

SP 

MP 

SDF 

LDP 

7 

8.52 

7 .09 

10.89 

7.36 

18.71 

8 

8.25 

7 .00 

9.78 

6.59 

17.41 

9 

8.18 

6 . 35 

9.30 

5 .73 

16.15 

Grades 

7,8, 

& 9 combined  8.42 

6 .74 

10.00 

6.60 

17.46 

Since  the  facts  needed  in  the  processes  of  addition  and 
subtraction  are  related,  we  should  expect  the  mean  time  of  the 
AP  and  SP  tests  to  be  almost  the  same  (the  number  of  examples 
are  identical) . The  mean  time  on  the  AP  test  was  over  a 
minute  longer  than  on  the  SP  test  in  each  grade.  It  is  prob- 
able, therefore,  that  carrying  and  the  upper  decade  facts  re- 
tarded the  speed  on  the  AP  test.  Emphasis  in  corrective  work 
should  be  placed  on  the  three  hundred  upper  decade  facts  in 
addition.  The  average  reaction  of  the  ;iunior  high  school  pu- 
pil when  he  confronts  these  facts  is  that  they  are  not  facts 

but  examples.  To  illustrate when  he  meets  the  fact  35+9, 

he  says  nine  and  five  are  fourteen,  carry  one,  one  and  three 
are  four.  He  should  know  automatically  that  35  + 9 - 44. 

This  situation  is  corainon  with  nearly  every  ,i‘unior  high  school 
pupil.  From  this  evidence,  it  is  probably  legitimate  to  con- 
clude that  Insufficient  drill  has  been  given  on  the  upper 
decade  facts  in  the  elementary  school. 

The  mean  times  on  the  MP,  SP,  and  LDP  tests  are  approx- 
imately what  they  should  be  in  the  junior  high  school.  The 


fact  must  not  be  disregarded,  however,  that  the  pupils  who  did 
not  finish  the  test  are  not  considered  in  this  table.  When 
we  recall  that  a fifth  of  the  pupils  did  not  complete  the 
LDP  test,  we  cannot  consider  our  teaching  one  hundred  per  cent 
successful . 
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The  results  of  this  study  would  have  been  more  valid  if 
one  person  had  given  all  the  tests  to  every  child  instead  of 


having  several  teachers  admn'nister  the  testing  program. 

Tables  showing  both  the  score  and  time  distribution  on 
each  test  would  have  added  to  the  value  of  this  study.  For 
example,  to  knov/  the  distribution  of  scores  of  the  pupils 
com.pleting  the  AP  test  in  three  minutes  v/ould  have  increased 
not  only  the  value  but  also  the  interest  of  the  investigation. 
The  writer  had  distributed  the  tests  to  the  pupils  and  tea- 
chers before  seeing  the  need  for  these  tables.  It  was  im- 
possible to  recall  the  tests  for  this  purpose  after  their 
distribution. 

Percentages  like  any  other  statistical  measures  are  accu- 
rate to  a certain  degree.  This  degree  is  determined  by  the 
Probable  Error.  The  Holzinger  (1)  formula  for  measuring  the 


Probable  Error  of  the  percentage  is  .6745  V”fp ^lOO-fp ) . For 

^ N 

example  applying  this  formula  to  the  percentage  9.52  found  on 
TABLE  XV  under  the  AP  column  for  six  minutes,  we  get  the 
following  result: 


P.  E.  of  9.52  = .6745  /9.52  (100-9.52) 


1215 


P.  E. 


.5679 . 


Probable  Error  is  alv\rays  related  inversely  to  the  number 

of  cases.  Percentages  involving  a large  number  of  cases  can 
be  taken  as  fairly  correct.  In  a similar  way  the  P.  E.  of  each 
percentage  may  be  obtained. 

( 1 ) Holzinger , j"!  Karl . Statistical  Method^  Boston : Ginn 

and  Co.,  1928.  pp . 243.  64 
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Graph  VI  shows  the  percentages  of  pupils  having  perfect 


scores  in  each  process.  It  should  he  read  in  this  manner: 
twelve  and  a half  per  cent  of  the  grade  eight  pupils  h-^d  a 
score  of  one  hundred  on  the  AP  test.  The  place  of  grade  nine 
on  this  o>raph  suggests  that  insufficient  drill  is  being  given 
in  this  grade.  Unless  drill  is  maintained,  the  facts  v/hich 
the  child  does  not  use  dally  fall  into  disuse  and  accuracy 
of  computation  is  decreased. 

The  number  of  perfect  scores  in  grade  seven  on  the  LDP 
test  may  be  attributed  to  either  of  two  causes . First  the 
postponement  of  the  teaching  of  this  process  until  grade  six 
in  the  Springfield  schools  has  helped  to  promote  a better 
understanding  of  the  process  by  the  children.  In  a shorter 
tlm*e  they  learn  long  division  more  thoroughly  at  this  age  than 
if  it  is  presented  earlier.  The  second  reason  which  may  be  re*' 
sponsible  for  the  percentage  of  one  hundred  scores  in  grade  VI!! 
is  that  the  work  has  been  recently  studied  by  these  children. 
This  is  a less  satisfactory  explanation  since  all  pupils  have 
a need  for  long  division  in  their  daily  Y/ork  in  the  junior 
high  school. 

Another  point  to  consider  is  that  the  process  steps  in 
long  division  have  been  defined  more  clearly  and  the  methods 
of  teaching  this  phase  of  the  fundamental  processes  have  im- 
proved. steadily. 
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GRAPH  VI 


TPie  Percentag'es  of*  Pupils  Achioving  Perfect  Scores  on  the 
AP,  SP,  MP,  SDP,  and  LDP  Tests  in  Grades  VIT , VIII,  and  IX. 
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TABLE  XVIII 


Corrective  Load  on  a Percentage  Basis  in  the  Fundamental 
Processes  of  Arithmetic  in  the  Junior  High  School. 


Gr  ade 

AP 

SP 

MP 

SDP 

LDP 

7 

87  .53 

86.01 

98.88 

90 .58 

93.54 

8 

87  .50 

83.38 

95.30 

89.29 

93.80 

9 

90.00 

85.68 

97  .51 

90.78 

96.04 

Gr ades 

7,8, 

& 9 combined.  88.24 

85  .04 

97  .27 

90.22 

94.36 

Table  XVIII  should  be  read  as  follows:  eighty-seven 

and  fifty- three  hundredths  per  cent  of  the  pupils  in  grade 
VII  need  corrective  work  in  the  addition  process.  It  is 
now  a general  recognition  that  one  hundred  per  cent  accuracy 
should  be  the  goal  in  the  fundamental  processes  of  arithme- 
tic. Using  this  standard,  it  is  evident  that  any  pupil  not 
receiving  a perfect  score  on  a diagnostic  test  in  any  process 
is  in  need  of  corrective  work  in  that  process.  The  percent- 
ages in  Table  XVIII  were  obtained  by  subtracting  the  percent- 
age of  pupils  having  a score  of  one  hundred  from  one  hundred 
per  cent.  The  resulting  per  cent  includes  all  pupils  who 
scored  less  than  one  hundred. 

Every  child  except  one  in  this  particular  school  needs 
corrective  work  of  some  type.  Just  one  pupil  of  the  twelve 
hundred  fifteen  children  scored  one  hundred  in  all  five  tests. 

Since  the  need  for  remedial  instruction  is  greater  in  the 
ninth  grade  than  in  the  eighth,  it  is  probable  that  less  drill 
on  the  fundamental  processes  is  given  in  that  grade.  This 
mav  be  because  the  arithmetic  course  tends  toward  special- 
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ization  in  grade  nine  when  the  pupils  study  either  business 


practice  or  algebra, 
to  continue  drill  on 


The  teachers  of  these  sub.iects  may  fail 
the  fundamental  processes. 
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Graph  VII  shows  the  percentage  of  pupils  needing  correc- 
tive work  in  each  process.  It  should  be  read  in  the  follov/ing 
way;  ninety  per  cent  of  the  yrade  nine  students  require  some 
corrective  work  in  the  addition  process.  These  percentages 
were  obtained  by  subtracting  the  percentage  of  perfect  scores 
from  one  hundred  per  cent . Anyone  who  makes  an  error  of  any 
type  in  a fundamental  process  should  do  corrective  work  until 
the  tendency  toward  that  error  vanishes.  Only  mastery  is  a 
satisfactory  standard  for  judging  achievement  in  the  funda- 
mental processes  of  arithmetic. 

The  classes  are  related  closely  in  their  corrective  need 
on  each  process.  Multiplication  shows  that  the  teaching  of 
this  process  is  done  most  inefficiently.  The  teaching  of  ad- 
dition and  subtraction  has  been  done  m.ost  thoroughly.  The 
corrective  load  in  long  division  is  partially  the  result  of 
the  lack  of  knowledge  of  multiplication.  That  the  need  for 
corrective  work  in  multiplication  is  greater  than  in  division 
may  be  attributed  to  the  zero  difficulties  which "commonly  oc- 
cur in  multiplication.  In  an  example  v/here  a zero  occurs  in 
the  multiplier  the  placement  of  the  numbers  for  adding  most 
frequently  causes  trouble. 

If  a good  drill  technique  had  been  used  when  teaching 
each  child,  the  corrective  load  in  the  long  division  process 
should  be  no  greater  than  in  the  short  division  process. 
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GRAPH  VII 


The  Fundamental  Processes 

The  Corrective  Load  on  a Percentage  Basis  in  the  Funda- 
mental Processes  of  Arithmetic  in  the  Junior  High  School. 


Conclusions 


1.  The  corrective  load  in  the  junior  hi^h  school  includes 
sjiy  child  v/ho  makes  an  error  in  a fundamental  process. 

2.  The  corrective  load  in  the  addition  process  includes 
about  eighty- eight  per  cent  of  the  children  in  the  junior 
high  school. 

3.  The  corrective  load  in  the  subtraction  process  includes 
about  eighty-five  per  cent  of  the  children  in  the  junior 
high  school . 

4.  The  corrective  load  in  the  multiplication  process  in- 
cludes about  ninety- seven  per  cent  of  the  children  in  the 
junior  high  school. 

5.  The  corrective  load  in  the  division  process  includes 
about  ninety-four  per  cent  of  the  children  in  the  junior 
high  school. 

6.  All  corrective  work  must  be  on  an  individual  basis  to  be 
one  hundjced  per  cent  effective  one  hundred  per  cent  of  the 
time . 

7.  The  most  economical  way  of  handling  corrective  work  with 
the  child  who  is  handicapped  seriously  bv  his  lack  of  mastery 
of  a fundamental  process  in  arithmetic  is  to  place  him  tem- 
porarily in  a class  specializing  in  remedial  Instruction. 

8.  No  corrective  work  will  be  effective  unless  it  is  properl; 
motivated.  Show  the  pupil  where  he  is  going  and  help  him  see 
his  way. 

9.  The  number  of  failures  in  mathematics  can  be  reduced  in 
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the  junior  hip'h  school  by  devoting  a part  of  the  program 
to  corrective  work. 
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Suggestions  for  Corrective  Work 

1.  A diagnostic  test  in  each  of  the  fundamental  processes 
should  be  given  to  each  pupil.  As  the  result  of  this  testing 
each  pupil's  errors  should  be  classifies  as  far  as  possible. 
The  pupils  who  show  outstanding  disability  in  any  process 
should  be  retested  under  the  observation  of  the  teacher  who 
should  notice  his  work  habits  and  his  outstanding  difficul- 
ties . On  the  basis  of  this  observation  and  the  test  results, 
individual  plans  for  remedial  work  should  be  formulated.  For 
example  if  a test  reveals  that  a child  is  having  difficulty 
with  borrov/ing  in  subtraction,  he  must  be  given  djrill  on 
single  borrov/ing  until  he  shows  mastery  of  that  step.  Then 
his  exercises  should  be  on  double  borrowing  until  he  is  cer- 
tain of  that  degree  of  difficulty.  If  he  fails  to  borrow 
when  necessary  or  makes  some  such  error,  the  process  must  be 
explained  to  him  fully  and.  successive  drill  steps  planned. 

2.  The  ma,1ority  of  cases  in  need  of  corrective  work  m.ay  be 
cared  for  during  the  regular  arithmetic  period.  Either  a 
portion  of  a period  should  be  given  to  this  work  daily  or  aji 
entire  period  used  once  a week.  Us  ini?  the  pupils,  v/ho  have 
mastered  a process,  as  student  teachers  each  child  cati  be 
helped  every  day. 

3.  So  that  each  child  will  be  active  in  this  corrective  work 
one  hundred  per  cent  of  the  time,  he  must  be  aware  of  his 
difficulties  and  know  his  plan  of  procedure. 

4.  There  will  be  some  pupils  in  each  class,  generally,  who 
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require  so  much  remedial  instruction  that  class  time  is  not 
sufficient  for  their  work.  These  are  the  pupils  who  usually 
fall  in  arithmetic.  It  seems  to  he  an  economy  of  time  to  let 
these  pupils  do  work  just  in  essential  basic  arithmetic  until 
thev  show  one  hundred  per  cent  accuracy.  They  certainly  cannot 
solve  an  equation  if  they  do  not  knov^  the  primary  fact  needed 
in  the  solution.  We  make  these  children  failures  by  reouirine’ 
them  to  do  the  im_possible  with  the  knowledge  of  arithmetic  that 
they  have  been  given.  If  possible,  a class  in  corrective 
8j?ithmetic  to  which  these  pupils  can  go  seems  to  be  the  best 
place  for  them  until  they  can  resume  work  at  their  grade  level. 

5.  To  make  mastery  possible  for  the  average  child,  the  work 
must  be  divided  into  small  units. 

6.  For  corrective  work  to  be  effective,  all  the  pupils  must 
be  active  all  the  time.  This  can  be  accomplished  only  when  a 
well  planned  drill  technique  is  used. 

7.  By  making,  corrective  arithmetic  an  essential  part  of  the 
work  of  each  class,  the  average  teacher  can  make  great  progress 
toward  the  goal  of  one  hundred  per  cent  accuracy. 
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Appendix  A 


The  following  tests  are  reprints  of  the  The  Wilson 
Inventory  and  Diagnostic  Tests  in  Arithmetic.  The 
five  forms  used  in  making  this  study  are  Test  AF  (addi- 
tion), Test  SP  (subtraction).  Test  MP  (multiplication). 
Test  SDP  (short  division),  and  Test  LDP  (long  division), 
These  tests  are  constructed  so  that  the  average  teacher 
will  be  able  to  diagnose  the  individual  difficulties 
of  her  pupils.  To  serve  this  purpose  each  test  con- 
tains samplings  of  the  primary  facts  and  the  process 
difficulties . 


80 


.-iopI2V'  erfT  ‘io  ?U;e  ' r i : ol  er. V 

op"  . ?:  ItA.  re*  '.;:f  iOT  o ’'oavnria.U'.  >;:i5  tpcJ  ^ovkI 

-J'bi?;.' ) i.A  d”---*T  -'^.3  yliLj^'  U ;-  rfij  PiI  I ^ ;'!a‘io'l  ovil 

, (.TO  i:/no  jXito)  , i no XXpi^vJ-<J;.rp. ).  -zo'l  .fx'oX:! 

. (not?  2 Vi:  TP-.t)  -iCIJ  .b;oT  b.:;:  , (:/•;•  .'a  ?vXb  J'loifa)  -ia^  d;i.dT 

"locl.o  jo  t o 'i- ‘T'=»vo  c ';  po j O J‘fj •.>';'  d're  •3.;  . o.:6i'iT 

# 

rjj;.y:V12£;  ipa.o r).:  1 oyenyeib  oA  hIoe  eo  Ij-.cv: 

-.'■Oj.  r'o«9  o-ioq'tij'  ^.1:1:'  .''■‘i-pi  o"  . ■ Xicyrre  ^■s  i k> 

"•p.oeo'iG  od.t  -O  u-  c.^oo  : yorp,.?  -.j  ■•  /X 


. H ^,t  r Lf'i  f I'l  r b 


THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 

IN  ARITHMETIC 

Test  A P Addition  Process  Step  Difficulties 

Name Age Grade Building City, 

To  the  Pupil:  Add  throughout  this  test. 


If  you  hesitate,  place  a check  {v ) , 
If  you  count,  double  check  1/1/ , 


Note  time,  when  you  start : when  you  stop. 


The  score  is  the  number  right  times  4 Score 

Time- 
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Analysis  of  Errors-Addition 

Place  a check  or  mark  for  each  error  observed.  Use  blank  lines  below  for  noting 
other  observed  errors. 

1.  Primary  combinations  missed  

2.  Upper  decade  facts  missed  

3.  Counting,  evidence  of  

4.  Reading  numbers  incorrectly  

5.  Can' t keep  unseen  addends  in  mind  

6.  Gets  lost  in  column  work  above  figures  

7.  Omits  addends  adding  

8.  Confused  by  zeros  

9.  Gaps  cause  trouble  

10.  Skips  about  in  adding  

11.  Facts  come  slowly,  hesitatingly  

12.  Skips  about  for  easy  groupings  

13.  Reverses  digits  in  puttj.ng  down  answer  

14.  Omits  one  of  two-figure  sum  for  left-hand  column  

15.  Is  bothered  by  dollar  sign  and  decimal  point  

16.  Fails  to  carry  

17.  Carries  wrong  digit  

18.  Places  carried  number  as  extra  in  answer  

19.  Carries  wrong  amount,  too  many  or  too  few  ' 

20.  Carries  when  there  is  nothing  to  carry  

21.  Subtracts  instead  of  adding  

22.  Has  no  regular  habit , proceeding  differently  each  

time 

23.  Pails  to  observe  column  position  

24.  Derives  unknown  combination  from  known  one 

25.  


26. 

27. 

28. 


SCORE  Any  score  less  than  100  calls  for  corrective  work.  Find  your  errors  and 
card  the  facts  missed. 

TIME  If  the  time  is  too  long  it  indicates  unsatisfactory  habits  of  work.  For 
this  test,  the  time  should  not  be  greater  than: 

20  minutes  in  grade  3;  better  if  only  10  mintues. 

15  minutes  in  grade  4;  better  if  only  8 minutes. 

15  minutes  in  grade  5;  better  if  only  6 minutes. 

12  minutes  in  grade  6;  better  if  only  5 minutes. 


THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 

IN  ARITHMETIC 

Test  S P Subtraction  Process  Step  Difficulties 


Name Age Grade Building City, 

To  the  Pupil;  SUBTRACT  in  this  test. 

If  you  hesitate,  place  a chech  (i/)  . 

If  you  count,  double  check  (yV)  , 

Note  time  when  you  start : when  you  stop 


The  score  is  the  number  right  times  4 Score 

Time- 
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ANALYSIS  OF  ERRORS-SUBTRACTION 


For  each  error  made  in  the  test,  there  should  be  a tally  entered  in  the  right  place  on  this 


plan. 


1.  Adding  instead  of  subtracting  

2.  Borrowing,  failing  to  borrow  when  necessary  

3.  Borrowing,  from  second  figure  to  left  instead  of  first  

4.  Borrowing,  increasing  instead  of  decreasing  minuend  digit  

5.  Borrowing,  not  taking  one  away  when  borrowed  

6.  Borrowing,  the  one  borrowed  added  as  a unit  

7.  Borrowing,  too  many  ; e.  g. , 2 or  3 instead  of  1 

8.  Borrowing,  when  unnecessary  

9.  Double  borrowing  / 

10.  Triple  borrowing  

11.  Combination  errors,  minuend  under  10  

12.  Combination  errors,  minuend  10  to  18  

13.  Counting  for  answer  

14.  Cross  subtraction  

15.  Lefts,  dangling  lefts  ignored  

16.  Lefts,  vanishing  lefts  brought  down  

17.  Minuend  figure  brought  down  

18.  Minuend,  figure  of  minuend  taken  from  subtrahend  

19.  Process  not  understood  

20.  Remainder  figures  reversed  

21.  Reminder,  one  borrowed  put  as  next  figure  in  remainder  

22.  Subtrahend  figure  brought  down  

23.  Subtracting  units  only  

24.  Unknown  combinations  derived  from  known  

25.  Zero,  when  remainder  is  zero,  bringing  down  figure  of  sub- 
trahend or  minuend  

26.  Zero,  subtracting  some  number  from  0 — 0 

27.  Zero,  subtracting  some  number  from  0 = subtrahend  fig- 
ure   

28.  Zero  subtracted  from  some  number  = 0 

29.  Other  zero  difficulties  

30.  Dollars  and  cents  

31  

32  

33  

34  

35  

Score  Any  score  less  than  100  calls  for  corrective  work.  Find  your  errors  and  card  the  facts 
missed: 

Time  If  the  time  is  too  long  it  indicates  unsatisfactory  habits  of  work.  For  this  test  the  time 
should  not  be  greater  than; 

20  minutes  in' grade  3;  better  if  only  10  minutes. 

15  minutes  in  grade  4;  better  if  only  8 minutes. 

12  minutes  in  grade  5;  better  if  only  6 minutes. 

12  minutes  in  grade  6;  better  if  only  5 minutes. 


THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 

IN  ARITHMETIC 


Test  M P Multiplication  Process  Step  Difficulties 

Name Age Grade Building City 

To  the  Pupil;  In  this  test,  MULTIPLY. 

If  you  hesitate,  place  a chech  (i/). 

If  you  count  or  say  the  tables,  double  check  ii/v''). 

Note  time  when  you  start ; when  you  finish 
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ANALYSIS  OF  ERRORS-MULTIPLICATION 


For  each  error  made  in  the  test,  there  should  be  a tally  entered  in  the  right  place  on  this 
plan. 

1.  Primary  combinations  

2.  One-place  multiplier,  no  carrying  

3.  One-place  multiplier,  carrying  requiring  addition  in  same 

decade  

4.  One-place  multiplier,  carrying  requiring  addition  in  high- 
er decade  

5.  One-place  multiplier,  zeros  in  multiplicand  with  and 

without  carrying  into  zero.  

6.  Two-or  three-place  multiplier,  no  carrying  

7.  Two-or  three-place  multiplier,  with  carrying  

8.  Zeros  in  multiplicand 

9.  Addition  combination  errors  in  carrying  

10.  Combination  errors  in  adding  partial  products  

11.  Carried  wrong  number  

12.  Forgot  to  carry  

13.  Errors  in  carrying  into  zero  

14.  Put  carried  number  in  product  

15.  Misplacement  in  writing  partial  products  

16.  Columns  confused  in  adding  partial  products  

17.  Multiplying  by  zero  

18.  Omitting  zeros  in  partial  product  

19.  Omitting  one  figure  of  multiplier  

20.  Omitting  one  figure  multiplicand  

21.  Switching  multipliers  

22.  Decimal  point  omitted  or  misplaced  in  product  (U.  S. 

money)  

23.  Used  wrong  process,  added  or  subtracted  , 

24.  Counted  or  said  tables  to  get  multiplication  facts  

25  

26  

27  

28  


SCORE  Any  score  less  than  100  calls  for  corrective  work. 

Find  your  errors  and  card  ihe  facts  missed. 

TIME  If  the  time  is  too  long  it  indicates  unsatisfactory  habits  of  work. 
For  this  test  the  time  should  not  be  greater  than: 

20  minutes  in  grade  4;  better  if  only  10  minutes. 

20  minutes  in  grade  5;  better  if  only  8 minutes. 

15  minutes  in  grade  6;  better  if  only  7 minutes. 

12  minutes  in  grade  7;  better  if  only  6 minutes. 


THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 

IN  ARITHMETIC 


Test  S D P Short  Division  Process  Step  Difficulties 

Name Age Grade Building City, 

To  the  Pupil;  ’ This  is  a test  in  Short  Divison 

If  you  hesitate,  place  a chech  (i/). 

If  you  count  or  say  tables,  double  check  (i/vO. 


Divide:  Note  time  when  you  start : when  you  finish 


(a) 

(b) 

9)36  5)45  9)81  6) 

2 4 9)2  7 

5)4  9 8 ) 

7 4)37 

8)72  3)$15  9)45  2) 

16  9)0 

7 ) 3 

6)20 

(c) 

(d) 

(e) 

(f) 

(g) 

6)306 

9)549 

7)497 

3)964 

5 ) $ 1 5 2 . 

(h) 

(i) 

(j) 

(k) 

(1) 

8)409 

7)161 

9)648 

8)6  5 8 4 

4)994 

(m) 

(n) 

(o) 

(P) 

(q) 

2)232 

7)631 

6)3  6 0 4 2 

4)2  8 0 1 2 

8)4  8 0 8 

(r) 

(s) 

(t) 

(u)  . 

(V) 

4)4016 

3)1  3 8 2 7 

7 ) 4 7 9 7 8 

5 ) $ 2 5 5.  1 0 

4)6  4 0 1 4 

(w) 

(x) 

(y) 

6)1  6 8 0 5 6 

7 ) 2 8 0 3 

8)6  4 0 2 

The  score  is  the  number  right  times  4 Score 

Time 
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ANALYSIS  OF  ERRORS  — SHORT  DIVISION 


For  each  error  made  in  the  test,  there  should  be  a tally  entered  in  the  right  place  on  this 
plan. 

1.  Mistakes  in  primary  division  facts  O’s , I’s 

2’s , 3’s , 4’s , 5’s , 6’s 

7’s , 8’s , 9’s 

2.  Complete  ignorance  of  process  of  division  

3.  Used  a dividend  digit  twice  

4.  Neglecting  a digit  of  dividend  

5.  Failure  to  divide  when  partial  dividend  is  equal  to  divisor  

6.  Wrong  placing  of  first  quotient  figure  

7.  Extra  figure  or  zero  added  at  close  of  quotient  for  no  ap- 

parent reason  

8.  Extra  figure  or  zero  added  within  quotient  

9.  Carrying  to  answer  a figure  in  mind,  as  57  7=7 

48  - 8 = 8,  27  - 3 = 7.  

10.  Did  not  complete  division  (as  last  step)  

11.  Failure  to  bring  down  a final  zero  in  quotient  

12.  Omitting  zero  in  quotient  when  dividend  digit  will  not 

contain  divisor  

13.  Zero  by  some  number  = that  number  or  1 

14.  Zero  by  some  number,  nothing  placed  in  quotient  

15.  Remainder  omitted,  at  close  

16.  Remainder  ignored,  within  problem  

17.  Wrote  remainders  within  problem  

18.  Using  a remainder  within  a problem  larger  than  divisior 

(quotient  figure  too  small) 

19.  Remainder  at  close  larger  than  divisor 

20.  Subtraction  wrong,  giving  wrong  remainder  to  carry 

21.  Failure  to  subtract  to  get  remainder 

22.  Carrying,  failure  to,  in  uneven  division 

23.  Carrying  when  division  is  even 

24.  Errors  in  multiplication,  as  shown  in  having  pupil  go  over 

example  orally 

25.  Confused  by  U.  S.  money,  dollar  sign,  and  decimal  point 

26.  Failure  to  place  decimal  point  or  placing  it  incorrectly  

27.  Inability  to  check  short  division  

28 

29  

30  


SCORE  Any  score  less  than  100  calls  for  corrective  work.  Find  your  errors  and 
card  the  facts  missed. 

TIME  If  the  time  is  too  long  it  indicates  unsatisfactory  habits  of  work.  For  this  test 
the  time  should  not  be  greater  than: 

15  minutes  in  grade  5;  better  if  only  10  minutes 
12  minutes  in  grade  6;  better  if  only  8 minutes 
12  minutes  in  grade  7;  better  if  only  6 minutes 
10  minutes  in  grade  8;  better  if  only  5 minutes 


THE  WILSON  INVENTORY  AND  DIAGNOSTIC  TESTS 

IN  ARITHMETIC 


Test  LDP  Long  Division  Process  Step  Difficulties 

Nam© Ag© Grad.© Building City_ 

To  th©  Pupil;  This  is  a t©st  in  LONG  DIVISION* 

.If*  at  any  point  you  do  not  know  what  to  do,  plac©  a ch©ch  (i/)  and  try  to  not© 
th©  r©ason.  Wh©n  th©  t©st  is  ov©r,  g©t  your  t©ach©r  to  h©lp  you  on  th©  points 
'’’^^at  hoth©r©d, 

Divid©:  Not©  tim©  wh©n  you  start : wh©n  you  finish 


3 0)$  6.9  0 
(a) 

3 2)3  8 7 2 
(b) 

5 1)  5 6 9 3 
(c) 

2 1)  6 7 4 9 
(d) 

5 2)  1 1 9 8 
(e) 

2 8)  3 9 2 

6 1)  1 9 7 4 

4 5)$  3 1.5  0 

9 1)  3 9 1 5 

4 2)  1 0 0 8 

(f) 

(g) 

(h) 

(i) 

(j) 

6 3)  2 3 9 4 

5 9)  1 3 5 7 

1 1 1)8  9 9 1 

1 3 1)  2 7 5 1 

7 4)  2 7 4 0 

(k) 

(1) 

(m) 

(n) 

(o) 

1 4)$  8.4  0 

4 7)  4 3 0 0 

8 3)  7 6 3 6 0 

7 0)  1 7 4 0 

9 8)  9 0 1 6 

(P) 

(q) 

(r) 

(s) 

(t) 

7 3)  3 3 5 8 

1122)135762 

3 2)$  1 7 7.0  0 

2 6)  1 8 4 6 0 

4 5)  3 5 5 5 

(u) 

(V) 

(w) 

(x) 

(y) 

Th©  scor©  is  th©  numh©r  right  tim©s  4 Scor© 

Tim© 

Copyright,  1936  hy  Guy  M.  Wilson.  All  rights  r©s©rv©d. 
R©print©d  by  P©rmission  of  th©  Author. 


ANALYSIS  OF  ERRORS 


For  each  error  made  in  the  test,  there  should  be  a tally  entered  in  the  right  place  on  this  plan. 


1.  Division  process  not  known,  or  not  kept  in  mind, 
general  confusion. 

2.  Division  incomplete,  all  figures  of  dividend  not  used  . 

3.  Division  facts  not  known  (table  facts) 

4.  Bringing  down  figures,  two  figures  brought  down, 
only  one  needed. 

5.  Bringing  down  figures,  failure  to  bring  down  next 
figure 

6.  Bringing  down  figures,  wrong  figure  brought  down.  . 

7.  Bringing  down  figures,  dividend  figure  brought 
down  a second  time. 

8.  Bringing  down  figures,  annexing  zero  or  needed 
figure  to  dividend,  then  bringing  down. 

9.  Divisor  put  as  quotient  in  answer. 

10.  Quotient  figure  too  small 

11.  Quotient  figure  too  large 

12.  Quotient  figure  put  over  wrong  dividend  figure. 

13.  Quotient,  wrong  figure  in  quotient,  but  right  mul- 
tiplier used. 

14.  Quotient,  putting  any  figure  in  quotient,  but  mak- 
ing last  product  equal  last  partial  dividend. 

15.  Quotient,  not  obtaining  last  quotient  figure. 

16.  Quotient,  last  figure  when  zero,  not  set  down. 

17.  Partial  dividend,  larger  than  divisor,  used,  giving 
an  extra  figure  in  quotient. 

18.  Remainder,  failure  to  subtract  to  get  final  remain- 
der. 

19.  Remainder,  not  expressed  in  answer. 

20.  Remainder,  extra  figure  put  in  remainder 


21.  Remainder,  expressing  remainder  as  fraction  and 
not  reducing. 

22.  Remainder,  not  using  a final  zero,  which  forms  part 
of  remainder. 

23.  Remainder,  larger  than  divisor. 

24.  Zero  omitted  between  figures  of  quotient. 

25.  Zero  omitted  at  end  of  quotient. 

26r  Zero  within  dividend  ignored 

27.  Final  zero  in  dividend  ignored 

28.  Confused  by  dollar  sign  and  decimal  point. 

29.  Inability  to  check  the  answer 

30.  Subtraction  facts  0 to  9 (no  borrowing) 

31.  Subtraction  facts  10-19  (borrowing) 

32.  Decreasing  next  figure,  although  no  borrowing. 

33.  Not  decreasing  next  figure,  for  one  borrowed. 

34.  Borrowing  when  unnecessary 

35.  Not  completing  final  (left  hand)  subtaction. 

36.  Multiplication  facts,  no  carrying  (other  than  0). 

37.  Multiplication  errors,  when  zero  is  involved. 

38.  Multiplication  errors,  with  carrying. 

39.  Failure  to  carry  in  multiplying. 

40.  Multiplication,  carrying  when  there  is  none  to  carry, 

41.  Repeating  parts  of  multiplication  table. 

42.  Not  completing  multiplication  missing  one  figure.  , 

43.  Correct  figure  in  quotient,  but  not  used  in 
multiplying. 

44  

45  

46  


Score  Any  score  less  than  100  calls  for  corrective  work.  Find  your  errors  and  card  the  facts  missed. 


Time  If  the  time  is  too  long  it  indicates  unsatisfactory  habits  of  work.  For  this  test,  the  time  should  not  be  greater  than: 


40  minutes  in  grade  5;  better  if  only  20  minutes. 
30  minutes  in  grade  6;  better  if  only  20  minutes. 
20  minutes  in  grade  7;  better  if  only  15  minutes. 
18  minutes  in  grade  8;  better  if  only  12  minutes. 


1 
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: •k 
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